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The study was the f i r s t t o obtain a complete annual energy budget 
f o r a n a t u r a l population of i n v e r t e b r a t e carnivores. Larval populations 
of t i c large red damselfly . „ rrhos01 r,a nym.ihul a (3ulz.) (0d< ita : 
Zygoptera) were studied at Brasside, adjacent t o Durham City. Jnergy 
u t i l i s a t i o n by i n d i v i d u a l larvae 1 r i n g complete development was e s t i -
abated i n two ponds design ted 3 (surface area 9 3 t O and F (surface area 
13m ) , \ ^ i l s t totaJ l a r v a l population energy flow was estimated only i n 
pond B. 
I-fean monthly pond temperatures (measured u s i n w a sucrose inversion 
technique) ranged between 15°C i n July t o 2-3 C i n December and January. 
Faecal p e l l e t analysis showed that Pyrrhosoma took a wide range of 
prey types. However, chironomid larvae made up 75 percent o f the energy 
consumed. Throughout l a r v a l development, lYrrhosonia obtained 85 percent 
of i t s energy from browsers, and 15 percent from other carnivore populations. 
A r e s t r i c t e d spring o v i p o s i t i o n , and w e l l synchronised l a r v a l growth 
allo./ed accurate estimation of growth rates (F) from f i e l d measurements. 
Exuvium production (Sv) was measured i n the l a b o r a t o r y . 
Percentage a s s i m i l a t i o n ( X IOC; estimated i n the laboratory) 
decreased from 95 percent i n small larvae t o j u s t over 85 percent i n 
f i n a l i n s t a r s . Percentage assiirdH a t i o n unaffected by temperature 
and feeding r a t e ; prey type also had a r e l a t i v e l y small e f f e c t . 
Respiration rates (R) were estimated at 5, 1C and 16 G using a 
WLr.klor technique, and a Cartesian Diver apparatus at 16°C Tor ver: 
small l a r v a e . i n s p i r a t i o n rates increased markedly during metamorphosis, 
were r e l a t i v e l y unaffected by decreased oxygen tension down t o 50 percent 
s a t u r a t i o n , and d i d not d i f f e r between the sexes. rrhosoma showed no 
metabolic a c c l i m a t i s a t i o n t o temperature: between 5 md 10°C!, was 
F i e l d consumption r i t e s (3) -'ere measured from estimates o f put 
contents and gut clearance times. Larval consurn^tion between June 1967 
and A p r i l I968 estimated from F+R+Sv+F was 10 .1 percent higher i n pond 
3 and 4.3 percent lower i n pond F than the estimates based on gut clearance 
times. Clooe agreement of these independent estimates of G provided a 
u s e f u l check on the accuracy of many of the methods used during the study. 
F i e l d feeding rates were never more than 70 percent and. .Mere usually less 
than 50 percent o f p o t e n t i a l maximum feeding rates f o r the same size of 
larvae at the same temperature. 
T o t a l consumption from hatching t emergence amounted to 189 calories 
per l a r v a i n pond 3 and 185 calories per larva i n pond F. Cf t h i s , equal 
amounts (42 - 43 percent) were used f o r gro/Ah and r e s p i r a t i o n : 2 .4 per-
cent was l o s t as exnvia and 12.2 percent :s faeces. 
Annual population energy flow was measured f o r two consecutive years 
( J u l y 1966 - June I967 and July I967 - June I968) i n pond 3 . Results 
/ere \s fo l l o w s : 
2.20, w h i l s t between 1C and 16° : no increased t o 3.12. 
J .?66-67 1 ; 67-68 
I-iean biomass 0 
^ c a l s ^ e r m ^ 0.93 1.42 
a 
p 
Sv 
F 
3.94 
C.50 
0.86 
3.67 
3.59 
0.30 
0.99 
C 8.47 8.55 
- i i i -
All as K oer m"~ per annum. 
Popul t i o n pro.vth e f f i c i e n c i e s were high* Gross _ o_.ul-<tion growth 
p 
e f f i c i e n c y ( 7 ; x 100) amounted to 46.5 percent and V-.O percent i n the 
two ye:.rs. Net population growth e f f i c i e n c i e s ( j x 100} ere 51.8 and 
47*5 percent respe c t i v e l y . 
Annual p o ^ u l ^ t i o n m o r t a l i t y losse z i n the two years o f study amounted 
2 
t o 3-'v0 and 1.66 K ^ per nT" per annum. .;urvivin-- biomass at the end 
cals * ° 
of each study year was 0.39 said 0.29 . per m . iinnual emergence 
ea_LS 
amounted t o 0.15 and I . 6 4 K - . per m*~ j e r annum. :v.~: e l ~ r ~ c 
calm 
differences '/ere a r e s u l t of very d i f f e r e n t popul- t i o n l e v e l s and m o r t a l i t y 
rates i n the two years. Annual po u l t i o n energy flow, ho..ever, p a r t i o -
u l r i p population consumption, was rem.?rks b l y stable i n both years* I t 
i s sup~ested t h a t t h i s could have important consequences f c r attempts t o 
understand the f'motional s t a b i l i t y o f population and ecospstems based 
on a study of population numbers alone. 
^ e r r y u t i l i s a t i o n by the browsers at the base of the food chain 
M sup;-ortiri g11 the Pyarhosoma population was approxiri?telp 5 x r c e n t of 
net prim rp reduction w i t h i n the pond. I t vas concluded t h a t FYrrhosoma 
had a minimal e f f e c t on the pattern of energy f l o w w i t h i n the study pond. 
~ i v -
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Chapter 1 
IKTl^DUCTIiK 
I n f o r m u l a t i n g t h e laws o f theraodynamics K e l v i n suggested a p o s s i b l e 
e x c e p t i o n i n t he case o f l i v i n g organisms. He was o f course wrong and 
i n a p p l y i n g t he se laws t o a n i m a l s , p l a n t s and t h e i r env i ronmen t , e c o l o g i s t s 
have made use o f a most p o w e r f u l and u s e f u l concept . G e o l o g i s t s , u n l i k e 
p h y s i o l o g i s t s , were c o m p a r a t i v e l y s l o w i n a p p l y i n g energy measurements 
t o t he complex systems s t u d i e d by them. P a r a d o x i c a l l y i t i s ^ o s s i c l e 
t h a t t h i s v e r y c o m p l e x i t y h i n d e r e d t h e a p p l i c a t i o n o f an approach wh ich 
c l a r i f i e s , s i m p l i f i e s and, above a l l , q u a n t i f i e s i n t e r a c t i o n s w i t h i n 
e c o l o g i c a l sys tems. I n an a t t e m p t t o unde r s t and these complex i n t e r a c -
t i o n s e c o l o g i s t s must measure and d e s c r i b e n o t on ly t he s t r u c t u r e bu t 
a l s o t he f u n c t i o n o f ecosystems (Odurn 1959, 1962) . xtates o f energy 
t r a n s f e r a r e a f u n d a m e n t a l measure o f ecosystem f u n c t i o n . 
At tempts have been made t o f o r m a l l y i d e n t i f y t h e pathways o f energy 
f l o w t h r o u g h b i o l o g i c a l ecosystems w i t h t h e components o f Gibbs f r e e 
energy e q u a t i o n e . g . Brody ( 1 9 4 5 ) , r a t t e n (1959) and P h i l l i p s o n (1966) 
q u o t i n g . . i e ^ e r t (1964) . d e g e r t (1968) has s i n c e c o n v i n c i n g l y a rgued t h a t 
energy u t i l i s a t i o n by i n d i v i d u a l organisms, by p o p u l a t i o n s o r by u n i t s o f 
e c o l o g i c a l o r g a n i s a t i o n above the p o p u l a t i o n l e v e l can be c o m p l e t e l y 
d e s c r i b e d by e q u a t i o n s based on the f i r s t l a w o f thermodynamics , w i t h o u t 
recourse t o Gibbs f r e e energy e q u a t i o n and t h e second l a w . 
B i o l o g i c a l l y , i t i s conven ien t t o c o n s i d e r energy exchange w i t h i n a 
system under c o n d i t i o n s o f cons tan t p r e s s u r e . The energy exchange w i t h i n 
an open system ( i . e . one i n w h i c h t h e r e i s b o t h m a t t e r and energy exchange) 
may t h e n be formally s t a t e d a c c o r d i n g t o t h e f i r s t lav/ o f thermodynamics 
a s : -
A H s . CHX - H , ) • ( Q ^ ) • ( W ^ ) 1 
where & H = o v e r a l l change i n e n t h a l p y o f the system o r t h e 
change i n hea t c o n t e n t a t c o n s t a n t p re s su re and 
t e m p e r a t u r e . 
H-^ = e n t h a l p y c o n t e n t o f m a t t e r e n t e r i n g system 
= e n t h a l p y c o n t e n t o f m a t t e r l e a v i n g system 
Q-^  = hea t energy e n t e r i n g system 
Qg = h e a t energy l e a v i n g system 
= work done on system b, env i ronmen t 
..o = work o u t a i t o f system 
. .ork exchange (W^-Wp) i s n e g l i g i b l e i n b i o l o g i c a l systems so t h a t 
e q u a t i o n 1 may be r e w r i t t e n a s : -
A H s = ( H 1 - H 2 ) + (Oj -Qg) 2 
The e q u a t i o n normal ly ' used t o d e s c r i b e e c o l o g i c a l energy t r a n s -
f o r m a t i o n s may be s t a t e d as f o l l o w s . (The symbols a re those recommended 
f o r use d u r i n g t h e I n t e r n a t i o n a l B i o l o g i c a l Programme and are t a k e n f r o m 
l i i c k e r ( 1 ° 6 8 ) . D e f i n i t i o n s o f these symbols a re p re sen ted i n Append ix 1 
o f t h e p re sen t w o r k . ) 
C = P + R + F + U 3 
o r P = C - ( F + U ) - R 4 
The components o f e q u a t i o n 4 may he equated w i t h t h e thermodynamic 
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f u n c t i o n s i n 2 as f o l l o w s : -
P r o d u c t i o n (F) i s c l e a r l y e q u i v a l e n t t o A H . 
s 
Consumption (C) i s e q u i v a l e n t t o H ^ . 
Faeces and U r i n e (F + U) energy losses are e q u i v a l e n t t o Hp. 
Qrjj t he a b s o r b t i o n o f t h e r m a l heat energy , may be t e m p o r a r i l y i m p o r t a n t 
i n some organisms e . g . l i z a r d s o r L e p i d o p t e r a , b u t on a l o n g t e r m bas i s i s 
r e r a d i a t e d and can be c o n s i d e r e d as b e i n g e q u a l t o z e r o . 
R, r e s p i r a t o r y hea t l o s s , i n e q u a t i o n 4 , i s e q u i v a l e n t t o \ ^ i n 
e q u a t i o n 2 . 
Snergy exchange . / i t h i n a b i o l o g i c a l system i s c l e a r l y s a t i s f a c t o r i l y 
d e s c r i b e d by e q u a t i o n s based on the f i r s t l a w o f t h e m o d y n a m i c s . 
The h i s t o r i c a l d e r i v a t i o n o f t he ba lanced energy e q u a t i o n f o r 
organisms may be o u t l i n e d as f o l l o w s . I v l e v (1939a, 1945) f o l l o w i n g 
T e r r o i n e and ..urmser (1922) f i r s t used the e q u a t i o n i n the f o r m : -
Q = Q' • ^ • % * % • ^ 
where Q = t h e q u a n t i t y o f energy t h a t an o rgan ism ge t s i n i t s 
f o o d 
Q1 = t h e energy used f o r g rowth 
= t he energy i n t he u n u t i l i z e d p a r t o f t he f o o d 
( f aeces and e x c r e t a ) 
Q t = t h e energy o f p r i m a r y h e a t 
= t h e energy o f e x t e r n a l work 
= t he energy o f i n t e r n a l work 
Subsequent i n v e s t i g a t i o n s ( p a r t i c u l a r l y . . i n b e r g 1956) have shown 
t h e concept o f " p r i m a r y hea t " (Q^) t o be e r roneous . The e q u a t i o n 
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t h e r e f o r e s i m p l i f i e s t o : -
Q and Q.^ . may be combined t o r e p r e s e n t t o t a l m e t a b o l i c work and 
t h e r e f o r e r e p r e s e n t s energy d i s s i p a t e d as h e a t . Davies ( I964) and 
Davis read barren (1968) summarise t he . :ain c a t e g o r i e s f o r w h i c h t h i s 
ma in tena i ce e ne rgy i s u t i l i s e d , i n c o r p o r a t e d i n t o a scheme o f t o t .1 
ener ,v f l o w t h rough an o rgan i sm. 
I d e a l l y , m e t a b o l i c hea t l o s s f r o m an organism s h o u l d be measured by 
d i r e c t c a l o r i m e t r y . P h y s i o l o g i s t s a t t empted t h i s f o r p O i k i l o t h e r m s as 
l o n g ago as 1 9 1 1 ( e . g . H i l . 1911 , w o r k i n g on f r o g s , newts , earthworms 
and snakes ) . . . e cen t ly Davie ( I 9 6 6 ) has a p p l i e d the t e chn ique t o 
Darass ius , t h e g o l d f i s h , and C a l v e t and Pr-»t (1963) have rev iewed t h e 
l i t e r a t u r e . e c o l o g i c a l e n e r g e t i c s v/ork, however, has r e l i e d e n t i r e l y 
on i n d i r e c t c a l o r i m e t r i c measurements o f m e t a b o l i c hea t l o s s i . e . t he 
measurement c f r e s p i r a t o r y r a t e . 
The e q i a t i o n used by I v l e v , t h e r e f o r e , s i m p l i f i e s f a r t h e r t o the 
b a s i c 
C = P + x i + (F + U) 
o r Q = Q» + ( ^ + ( » + 
A l t h o u g h the c o n v e r s i o n o f oxygen i n t a k e o r carbon d i o x i d e o u t p u t 
t o m e t a b o l i c h e a t l o s s has p roved t o be vary s a t i s f a c t o r y , i t i s n o t 
w i t h o u t e r r o r . Anae rob ic r e s p i r a t i o n i s an obvious example t h a t has 
been assumed t o be n e g l i g a b l e i n e c o l o g i c a l e n e r g e t i c s work . . . ie ,aer t 
( I968) has a l s o p o i n t e d ou t two f u r t h e r sources 01 e r r o r i n a g r o w i n g 
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a n i m a l . 
Some o f t h e oxygen may be i n c o r p o r a t e d i n t o t he o r g a n i c m a t t e r 
s y n t h e s i s e d d u r i n g g r o w t h : a l t e r n a t i v e l y , oxygen ,iiay be r e l e a s e ! d u r i n g 
t h i s process. I n the f i r a t case, oxygen up take measurements w i l l 
ove re s t ima te t he energy r e l e a s e d i n t h e o x i d a t i o n o f f o o d s t u f f s and i n 
the l a t t e r case t h e h e a t energy r e l e a s e d w i l l be u n d e r e s t i m a t e d . 
Secondly , n o t a l l t he energy r e l e a s e d by o x i d a t i o n o f f o o d s t u f f s 
i s d i s s i p a t e d as hea t i n the g r o w i n g a n i m a l . D u r i n g g r o w t h a _ o r t i o n 
o f t h i s energy i s conserved as an i n c r e a s e i n the chemica l p o t e n t i a l 
enerpy o f t h e m a t e r i a l s y n t h e s i s e d . T h e r e f o r e , i n measur ing b o t h g r o ; / t h 
and r e s p i r a t i o n , p a r t o f the energy t r a n s f e r i s measured t w i c e . D i r e c t 
ca lo rime t r i e m easurernent o f hea t l o s s does n o t g i v e r i s e t o t h i s e r r o r . 
The e r r o r a r i s i n g f r o m the " s t o r a g e " , i n g r o w t h , o f some o f t he 
p o t e n t i a l energy r e l e a s e d by o x i d a t i o n o f f o o d s t u f f s w i l l be t o some 
e x t e n t compen s a t e d f o r by a f u r t h e r e r r o r n o t d i s cus sed by . . i e g e r t 
r e s u l t i n g f r o m i n d i r e c t r a t h e r than d i r e c t c a l o r i m e t r y . D i g e s t i o n o f 
macromolec u l e s i n v o l v e s a s m a l l heat r e l e a s e (abou t 1 6 . 4 g c a l o r i e s pe r 
gram) w h i c h , s i n c e t h e r e i s no process by w h i c h t o couple t h i s energy t o 
do u s e f u l w o r k , r e s u l t s i n t r a n s f e r o f t h e h e a t t o the env i ronment 
( . . c r o w i t z 1 9 6 8 ) . Th i s process remains e n t i r e l y u n d e t e c t e d by r e s p i r a t o r y 
measurements o f hea t l o s s , b u t w i l l c l e - r l y be measured by d i r e c t c a l o r i -
m e t r y . 
The e r r o r s a r i s i n g f r o m the use o f i n d i r e c t c a l o r i m e t r y t o measure 
m e t a b o l i c h e a t l o s s e s a re s m a l l and t o some e x t e n t c a n c e l o u t . For 
e c o l o g i c a l p u r p o s e s , t h e method appears t o be e n t i r e l y s a t i s f a c t o r y , a t 
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l e a s t u n t i l improvement i n o t h e r e c o l o g i c a l measurements ( p a r t i c u l a r l y 
p o p u l a t i o n sampl ing) and i n extra , , o l a t i n g f r o m l a b o r a t o r y measurements 
t o t h e f i e l d , j u s t i f i e s g r e a t e r r e f i n e m e n t . 
xJuilding on the p i o n e e r work o f I v l e v (1939a, b, 1 9 4 5 ) , Transeau 
(1926) and above a l l Lindeman ( 1 9 4 2 ) , the s tudy o f e c o l o g i c a l e n e r g e t i c s 
ma;y be c o n v e n i e n t l y d i v i d e d i n t o s e v e r a l b road c a t e g o r i e s . ( j o t h 
jjp., : , a l - au i I966 and 1 h i H i p s on I966 have r e c e n t l y p r o v i d e d e x t e n s i v e 
reviews o f most o f t he l i t e r a t u r e up t o t h i s d a t e . i inphas i s has t h e r e -
f o r e been p l a c e d on s t u d i e s n o t d e a l t w i t h by them. ) The p e r i o d between 
1950 and t h e earl^, I 9 6 C s ray be te rmed the "whole ecosystem" e r a , and 
as such t y p i f i e d by the s t u d i e s o f Cduvi and Udum ( 1 9 5 5 ) , ~dum (1957) 
and T e a l (1957, 1962). The v/orks o f S i t a r o m a i f i h (1967) on t o t a l energy 
f l o w t h r o u g h a t r o p i c a l f r e s h -vater community and o f T i l l y (1968) on a 
temperate s p r i n g p r o v i d e l a t e r examples o f t h i s approach . ILozlovsky 
(I968) has r e v i e w e d a number o f whole eco l sys t em s t u d i e s i n h i s a n a l y s i s 
o f v a r i o u s e n e r g y t r a n s f e r e f f i c i e n c i e s w i t h i n ecosystems. 
- i n c e t h e e a r l y 1960 's most e c o l o g i c a l e n e r g e t i c s work has been 
concerned w i t h a second approach; t h e s t u d y o f "key s p e c i e s " . T y p i c a l 
examples are provided by gagelmajap ( I96I) , ixmn (1965), P h i l l i e s on 
(1962, 1963) and . dese r t (1964, 1965). nore r e c e n t s t u d i e s a re t h o s e 
o f F i t z P a t r i c k (1968; on t h e aquat ic i s o p o i A s e l l u s , h e a l e y (1967) on 
the colj-embolan Ur.ychiurus, ;jp.srawi (I966) on t h e grasshopper C h o r t h i ^ p u s , 
•^ai to (1965) on t h e i s o p o d L i p j d m m , ^ a i t o (I967) on the d i p l o p o d 
Japona r i a a nd woodland (1967) on t he c r a y f i s h Oherax. 
The ' k e y spec ies" approach concen t r a t e s on the measurement o f energy 
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f l o w t h r o u g h p o p u l a t i o n s o f s i n g l e s p e c i e s , chosen ( u s u a l l y on s u b j e c t i v e 
grounds) because t h e y appear t o be the most " i m p o r t a n t " (key) organisms 
•wi th in the ecosys tem b e i n g s tud ies 1 . The 'key spec ies" approach has a 
number o f a dvantages over t h e whole ecosystem a b r o a c h , n o t l e a s t because 
i t p e r m i t s g r e a t e r p r e c i s i o n o f measurement. A l t h o u g h comparison o f 
energy f l o w da ta between s i n g l e key spec ies p o p u l a t i o n s are o f g r e a t 
i n t e r e s t i n t h e m s e l v e s , the u l t i m a t e a im o f key spec ies s t u d i e s must be 
t o unde r s t and t h e i n t e r a c t i o n o f each species " i n c o n t e x t " ( t h a t i s 
w i t h i n t he who le ecosystem) and t h e r e f o r e t o b u i l d up a p i c t u r e o f t o t a l 
community energy f l o w . I'.O ecosystem has y e t been s t a d i e d i n s u f f i c i e n t 
d e t a i l f o r t h i s l a t t e r a im t o be a c h i e v e d . 
D u r i n g t h e l a t e 19501 s and e a r l y 1960*3, a separa te approach t o 
e c o l o j i c a l e n e r g e t i c s problems a l s o deve loped , based e n t i r e l y on 
l a b o r a t o r y exper imen t s and l a b o r a t o r y ecosystems e . g . Richman (195S) and 
• lobodkin 0-959, 1964). .Recently, 3 rocksen e t a l . (1968) have c a r r i e d 
o u t e x t e n s i v e exper iments u s i n g a r t i f i c a l s t ream communi t ies . A l t h o u g h 
i t i s sometimes d i f f i c u l t t o e x t r a p o l a t e f r o m t h e l a b o r a t o r y t o more 
complex f i e l d s i t u a t i o n s , t h e approach has much t o co-amend i t i n t h a t 
most o f t h e v a r i a b l e s are u n i e r d i r e c t e x p e r i m e n t a l c o n t r o l . 
Desp i t e t h e i n c r e a s i n g l y l a r g e number o f s t u d i e s on e c o l o g i c a l 
e n e r g e t i c s , many more s t u d i e s are r e q u i r e d on w h i c h t o base f u t u r e me th -
o d o l o g i c a l a n d c o n c e p t u a l developments . The p r e s e n t s t u d y was a l o g i c a l 
e x t e n s i o n o f e a r l i e r key spec ies work and a t t e m p t e d t o p r o v i d e a complete 
and d e t a i l e d s t u d y o f t o t a l annua l energy f l o w t h r o u g h an i n v e r t e b r a t e 
c a r r d v o r o p u l a t i o n . P r e v i o u s l y , o n l y p a r t i a l f i e l d energy budgets 
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have been o b t a i n e d f o r i n v e r t e b r a t e c a r n i v o r e s e . g . I t o (1964) on t h e 
s l i d e r Lycos a, Baine (1965) on t he m o l l u s c l a v a n a x and r h i l i i . < s o n (1960a, 
b, 1962, 1963 ) on ^ h a l a n g i d s . A l t e r n a t i v e l y , a l l work has been c a r r i e d 
o u t e n t i r e l y i n the l a b o r a t o r y e . g . e r c z i n a (1959) f o r t he d r a g o n f l y 
l a r v a Aeshna, Crocks en e t a l . ( I 9 6 8 ) on t he s t o a e f l y l a r v a A c r o n e u r i a 
and F i s c h e r ( 1966, 1967a) on l a r v a e o f the : a m s e l f l y L e s t e s . 
L o s t e co lo i c a l e n e r g e t i c s s t u d i e s were based on o n l y one yea rs 
f i e l d data. Very f e w a t t empted t o measure p o p u l a t i o n energy f x o w f o r 
l o n g e r t h a n one y e a r . Those t h a t have i n c l u d e d ( fes rawi (1966) f o r the 
gr -.ss'.. . _ 1 : \ . ; -.~ ':a (19- 7^ "or the l i p l o ^ o d J-._ 0 .aa and 
a e g e r t ( I 9 6 4 , 1965) f o r j h i l a e n u s (a s p i t t l e bug) and I-lelanoplus (a 
g r a s s h o p p e r ) . I n o r d e r t o unde r s t and t h e f u n c t i o n a l s t a b i l i t y o f 
ecosystems a n d t h e i r component spec ies p o p u l a t i o n s , i t i s c l e a r l y o f 
g r e a t impor tance t o e x t e n d e c o l o g i c a l e n e r g e t i c s measurements ove r 
p e r i o d s g r e a t e r t han one ~ e r . T h e r e f o r e , i n the p r e s e n t s t u d y , p o p u l a -
t i o n energy f l o w measurements were made f o r two c o n s e c u t i v e y e a r s . 
Desp i t e t h e f a c t t h a t n e a r l y a l l e a r l i e r e c o l o g i c a l e n e r g e t i c s 
s t u d i e s o f who le ecosystems were o f acjUatic h a b i t a t s , l a t e r key s e c i e s 
s t u d i e s have c o n c e n t r a t e d on t e r r e s t r i a l systems. Only those o f 
F i t z p a t r i c k (1968) on t he i s o p o d A s e l l u s , b u e n z l e r (1961) on t he m o l l u s c 
M o d i o l u s , I a rm (1965) en s e v e r a l f i s h spec ies i n t he R i v e r Thames and 
. Jo o -Hand 0-967) on the c r a y f i s h Che r a x have been on a q u a t i c p o i k i l o t h e r m s . 
( I t i s i n t e r e s t i n g t o observe , however, t h a t a l l t h e l a b o r a t o r y e x p e r i -
men ta l s t u d i e s r e f e r r e d t o above e . g . j l o b o d k i n , Richman and Crocks en e t 
a l . have been on a q u a t i c sys tems . ) The need t o p r o v i le e n e r g e t i c s data 
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on f i e l d populat ions o f aquat ic inver tebra tes f o r comparison w i t h the 
t e r r e s t r i a l work i s obvious and the present study was designed t o cor rec t , 
a t l e a s t p a r t i a l l y , the imbalance between aquat ic and t e r r e s t r i a l key 
species work. 
To achieve the above mentioned ob j ec t i ve s , d ragonf ly (udonata) la rvae 
were considered t o be extremely su i t ab l e experimental animals. As a 
group, they have a number of advantages. Thei r general b io logy , p a r t i c -
u l a r l y i n ten ps ra te regions, i s w e l l known (see Corbet e t a l . 1960 and 
Corbet 1962) ensuring a sound basis on which eco log i ca l energetics data 
could be superimposed. The number o f species occur r ing i n B r i t a i n i s 
smal l (44) ar: d the i d e n t i f i c a t i o n of the a d j u l t s and a l l but the smallest 
larvae easy (Gariner 1954, L o n ^ f i e l d 1949). 
The species chosen f o r study was the _arge red damsel f ly Pyrrhosoma 
nym;hula ( 3 n l z ) (Cdonata: Zygoptera) , ryrrhosoma nym::-hula i s one o f the 
three commonest Gdonata of the B r i t i s h I s l e s , i f no t the commonest 
(Corbet e t a l . 1960, Lucas 1930) and occurred i n large numbers a t severa l 
l o c a l i t i e s nea r Durham C i t y . I t could t he re fo re be reasonably regarded 
as a key species. The general b io logy and l i f e h i s t o r y of gyrrhosoma 
nym;-hula has been the subject o f a number o f s tudies fcy Corbet (1952, 
1957b), Cerdner and i l a c i : e i l l (1950) and Macaji ( I 9 6 4 ) . 
several workers have commented on the apparent importance o f Odonata 
larvae i n aquat ic ecosystems (Kennedy 1950, Ueedham 1949, ^ r i r . h t 1943, 
1946) ; such opinions /ere l a r g e l y s u b j e c t i v e . Thus an a d d i t i o n a l aim o f 
the present s tudy was the e l u c i d a t i o n o f the importance and f u n c t i o n a l 
ro le of Cdonata larvae i n aquat ic h a b i t a t s , p a r t i c u l a r l y i n terms o f t h e i r 
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c o n t r i b u t i o n t o t o t a l community energy f l o w . Although l y rrhosana iu vn,-^ hula 
was not t h e only species of Odonata larvae present i n the study ponds 
(see Appendix 2 ) , i t was numerica l ly the most abundant and i t was f e l t 
t h a t conclusions based on a stody o f pyrrhosoma nyrn.jhula would provide 
some i n d i c a t i o n o f the eco log ica l importance o f udonata larvae i n the 
ponds. 
Energy budgets Cor i n d i v i d u a l r rhosc ia i,,y.,;.\\^la larvae f rom hatching 
to emergence were estimated i n two separate ponds but the popula t ion energy 
budget was measured i n only one of these. Growth (P) was estimated f rom 
f i e l d measurements. Resp i ra t ion (R) and Exuvium product ion (i-zv) were 
estimated on the basis o f laboratory s tudies . Summing P + H + Ev and 
using labora tory measurements of percentage a s s i m i l a t i o n gave an estimate 
of food consumption { Z ) i n the f i e l d . This was checked by an independent 
estimate o f f i e l d f eed ing ra te based on a combination of l abo ra to ry and 
f i e l d measurements. Comparison of the two estimates o f consumption gave 
a check on the accuracy of the methods employed i n measuring a l l the com-
ponents o f the energy budget. De ta i l ed s tudies of l a r v a l food and the 
p o s i t i o n occupied i n the pond food web were also c a r r i e d out . 
During t h e work, i n f o r m - t i o n was obtained t h a t was more re levan t t o 
general oebnatan b io logy than t o e c o l g i c a l energe t ics . The emphasis of 
the stucfy' was on the l a t t e r ra ther than the former and, a l though aspects 
o f general dra o n f l y b io logy have been discussed, they have not been dea l t 
w i t h i n g r e a t d e t a i l . 
Sach chapter contains a d e t a i l e d discuss ion o f i t s contents and con-
sequently, the f i n a l chapter o f discussion o f f e r e d (chapter 15) i s r e l a -
t i v e l y sho r t . 
Cha, t o r 2 
PYiLtli^OKA NYi-iliu.uA 
2 . 1 GENERAL 
Pyrrhosoma nymphula (Su lz . ) i s the only member of the genus t o 
occur i n the B r i t i s h I s l e s and i t has the re fo re b j c n referred to through-
out the study by i t s generic name only . 
The l i f e h i s t o r y of Pyrrhosoma has been s tud ied i n d e t a i l by both 
Corbst (195?o) and La can (1964). According t o Sorbet (1957b, 1962) i t i s 
a t y p i c a l spr ing emergence species v / i t h a w e l l synchronised a d u l t 
emergence- t a k i n g place i n May and June. T y p i c a l l y the l i f e h i s t o r y 
takes two years t o complete. Kondiapause eggs are l a i d s h o r t l y a f t e r 
emergence and hatch w i thou t delay i n Ju ly . The larvae grow r a p i d l y 
u n t i l Lovember and spend t h e i r f i r s t w in t e r i n about the s i x t h i n s t a r : 
they resume growth i n A p r i l and enterlhe f i n a l i n s t a r the f o l l o w i n g October. 
A f t e r s e n d i n g the second w i n t e r as f i n a l ins ta rs they enter metamor-
phosis i n Larch and A p r i l and, sho r t l y a f t e r , emerge. The populat ions 
i n the present stud;y showed t h i s t y p i c a l l i f e h i s t o r y . 
Throughout the study, the terms ^ear class and j u n i o r and senior 
age class have been used. J ince larvae take two years t o complete 
development, two generations or year classes are present i n the ..ond a t 
any one t ime . Year classes are def ined by the year i n which the larvae 
hatched e .g . the I966 year class hatched i n JiHy I966 f rom eggs l a i d by 
the 1964 year c lass . I n t h e i r f i r s t year of l i f e , l a rvae are r e f e r r e d 
to as t h e j u n i o r age class and i n t h e i r second year as the sen ior age 
c lass . 
2.2 IDEN TIFTCATICN 
pyrrhosoma i s one of the eas ies t zygopteran larvae t o i d e n t i f y , 
al though newly hatched i n d i v i d u a l s present some d i f f i c u l t y . Jorbet 
(1957*0 bel ieved t h a t i d e n t i f i c a t i o n was possible only f rom ins t a r 4, 
but w i t h p rac t i ce i t was found t o be q u i t e f e a s i b l e t o i d e n t i f y both 
i n s t a r 2 (the f i r s t f r e e l i v i n g stage) and i n s t a r 3 w i t h c e r t a i n t y . 
This was f a c i l i t a t e d by the r e s t r i c t e d range of othor species ^resent 
i n the study ponds. 
I d e n t i f i c a t i o n o f I n s t a r 2 Larvae 
For the purpose of the present study, i t was s u f f i c i e n t to be able 
t o d i s t i n g u i s h newly hatched ryrrhosoma larvae f rom other members of the 
f a m i l y Coenagriidae present i n the study ponds i . e . C o e n a r r i o n puel la L . 
Bnallagma cyathiperum (Charp.) and Ishnara elgjgang (van dsr . L i n d . ) ; the 
newly hatched larvae of which proved i n d i s t i n g u i s h a b l e . I n v iew o f 
the l a t t e r s i t u a t i o n i t m.s considered adequate t o determine a means o f 
separat ing Pyrrhosoma from the others by us ing Coenagrion puella as a 
standard, 
Plate 1 shows i n s t a r 2 larvae of i ' ; ; rrhosoma and Poena~rion hatched 
i n the l a b o r a t o r y from eggs l a i d i n the f i e l d by i d e n t i f i e d females: 
the magn i f i ca t ion o f the two photographs i s i d e n t i c a l . 
Table 1 shows l a r v a l s izes as measured by a micrometer eye-piece. 
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Length (iron) 
wi thou t 
lamel lae 
Length of 
lamellae 
(mm) 
T o t a l 
l eng th 
(mm) 
Head 
. i d t h 
(mm) 
pyrrhosoma 
1.24 
(1.29 ± 0.07) 0.96 2.20 
0.400 
(0.400 + 0.009) 
de-en?. ; r ion 
1.40 
(1.46 i 0.09) 1.19 2.59 
0.379 
(0.380 + C.005) 
Table 1 Measurements o f newly hatched i n s t a r 2 larvae shown 
i n p la te 1 . Also shown i n brackets are means 
(+ 2 S . E , ) f o r 20 i n s t a r 2 larvae of each species. 
The sizes of these two la rvae ./ere t y p i c a l of a long series measured 
i n Ju ly 1966. At t h i s stage, :/rrhoso. ia showed a tendency, very marked 
l a l a t e r l i f e , t o be shor te r , more "dumpy" than Joenagrior. - i t h a p ro -
p o r t i o n a l l y v.lder head and shor ter bodty and lamel lae . Though not 
measured, the legs were observed t o be p ropor t iona l ly shor te r . 
Two other fea tures d i s t i n g u i s h J rrhosoma i n i n s t a r 2. 
i ) The caudal lamellae are colourless throughout t h e i r l eng th i n 
yrrhosoma w h i l s t those of Joena^rion bear bands o f pigment 
about h a l f way down. 
i i ) Pyrrhosoma larvae have two obvious spines a t the back of the 
head a shor t distance behind the e^es. These post ocular 
spines are absent i n Coonagpion. 
I d e n t i f i c a t i o n of I n s t a r 3 Larvae 
The general body shape, p a r t i c u l a r l y i n the squaring up o f the head, 
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resembles t h a t o f the l a r g e r ins t a r s , so t h a t the larvae are r e a d i l y 
i d e n t i f i a b l e on head and body shape alone. P la te 2 shows an ins t a r 3 
Pyrrhosoma larvae w i t h an enlarged view of the head of the same i n d i v i d u a l . 
This p a r t i c u l a r animal measured 1.68 mm excluding the lamellae and had 
a head wid th o f ^..536 mm which was 'emonstrated t o be t y p i c a l o f i n s t a r 3 
larvae (mean length 1.66 + L.*_5 , mean head w i d t h u.524 + 0 .016) . Other 
points used i n r ecogn i t i on were : -
i ) The post ocular spines which increased t o three on each s ide . 
i i ) The lamellae which were i n general co lour less , though i n some 
i n d i v i d u a l s examined traces o f dark pignent were present i n a band 
s l i g h t l y less than h a l f way from the base of the lamel lae . 
Later I n s t a r s ( I n s t a r k onwards) 
The dark pigmentation which characterises the lamellae o f a l l l a r g e r 
yrrhosoma larvae was s t r ong ly developed i n the 4th i n s t a r , when the 
head shape took on the completely square shape seen i n l a t e r stages. 
From t h i s s tage, appearance changed l i t t l e and i d e n t i f i c a t i o n as easy 
i n a l l stages. 
2.3 >IZB AND WEIGHT IN PYRRHCSCMA 
Throughout the study, l eng th or weight were used as measured o f 
l a r v a l s i ze . A comparatively small l a r v a l popula t ion set a d e f i n i t e 
l i m i t on the number of experiments where d ry weight co-old be measured 
d i r e c t l y , s ince t h i s i nvo lved k i l l i n g the l a rvae . Rela t ionships between 
l eng th , wet weight and d ry weight were the re fo re determined and used t o 
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convert a l l subsequent measurements i n te rns of l e n g t h or wet weight 
i n t o dry weights . 
•Jtandard ' .fei.-hinfi And Measuring Procedures Used Throughout The S t u f f i 
The presence o f food i n the gut had no e f f e c t on l eng th , but had 
an appreciable e f f e c t on both wet and dry weights . Length measurements 
were made a t any t ime dar ing or a f t e r feeding but a l l weighings, e i t h e r 
on larvae co l l ec t ed from the f i e l d or a t the completion o f an experiment, 
were only made a f t e r s u f f i c i e n t t ime had elapsed f o r the guts to be 
cleared. The t ime taken f o r complete gut clearance depended on l a r v a l 
s ize : less than 12 hours was s u f f i c i e n t f o r smal l i n s t a r s but over 24 
hours was r equ i red by f i n a l i n s t a r s a t 15 C (see chapter 12) . 
Length Measurements 
A l l l eng th measurements ere made from the a n t e r i o r margin o f the 
head to the t i p o f the l a s t abdominal segment and d i d not inelude the 
caudal l amel lae . Larvae below 5 mm long were measured i n a drop of 
water on a w e l l s l i d e us ing a micrometer eye-piece ( 1 d i v i s i o n = 0.052mm). 
Larvae above 5 mm long were placed i n water i n a watch glass and measured 
w i t h c a l l i p e r s under a low-power binocular microscope. 
. .eight Measurements 
Three d i f f e r e n t balances ere used:-
i ) A Cahn £ l e c t r o b a l a n c e : model Fi-10 Cahn Instrument Company, 
Paramount, C a l i f o r n i a (range 0.001 t o 100 rng). The m a j o r i t y 
of wet and dry weight determinations were made w i t h t h i s 
ins t rument . 
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i i ) A M e t t l e r Balance: model H 16, M e t t l e r , Z u r i c h (minimum detectable 
weight 0.05 mg), was used f o r wet weight measurements of l a r g e r 
l a rvae . 
i i i ) An ^ilectromicrobalance: model LrL3-l, Research and I n d u s t r i a l 
Instruments Company, London (range 0.001 t o 200 mg), was employed 
i n sane dry weight measurements and a few wet weight determinat ions . 
I n making wet weight de te ra ina t ions , la rvae ..ere removed f rom the 
water, blot-bed on f i l t e r paper t o remove excess surface moisture and 
weighed i n an open pan. xiven ve r j small la rvae appeared t o s u f f e r no 
i l l e f f e c t s f rom t h i s treatment when re turned t o the ..ater. As i n most 
wet weight determinations of aquat ic animals, iTyrrhosoma larvae continued 
to lose water s t e ad i l y by evaporation dur ing the ac tua l -weighing, but by 
c a r e f u l l y s tandardis ing the procedure t h i s introduced a n e g l i g i b l e e r r o r 
and a more elaborate procedure ( e .g . ^ugden 1967; was not considered 
necessary. 
For dry weights , l a rvae ./ere d r i e d i n a vacuum oven a t 60°C u n t i l 
a constant weight was achieved. They were s tored i n a desiccator over 
anhydrous calcium ch lo r ide and s e l f i n d i c a t i n g s i l i c a g e l . , u n t i l they 
were -weighed. 
The Rela t ionship .Setwecn Length And *-et weight 
I ) A l l I n s t a r s excluding F i n a l I n s t a r s 
The r e l a t i o n s h i p between leng th (mm) and wet weight (mg) based on 
data f rom 233 Pyrrhosoma larvae ranging i n size f rom newly hatched t o 
penultimate i n s t a r s i s shown i n f i g u r e 1 . / i l l l a rvae ..ere measured 
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and weighed as soon as possible a f t e r c o l l e c t i o n f rom the f i e l d . 
The r e l a t i o n s h i p i s a s t r a i g h t l i n e on a l o g : l o g p l o t and the 
regression has been ca lcu la ted from the product moment c o r r e l a t i o n 
c o e f f i c i e n t . For the purpose of t h i s c a l c u l a t i o n , wet weight values 
..ere m u l t i p l i e d by 100 t o e l imina te negative logs . The equat ion o f 
the regression i s : -
y = 2.852-c + C.475 
r = 0.9966 
i.here y = l og (wet weight x 100) 
x = l og l eng th 
i i ) F i n a l In s t a r s 
Data were anal;sed separate ly f o r f i n a l i n s t a r s i n order t o give 
a more de t a i l ed p i c t u r e o f weight changes i n t h i s i n t e r e s t i n g and 
important stage i n the l i f e cyc le . 
The r e l a t i o n s h i p between leng th (mm) and mean wet weight (mg) cf 
f i n a l i n s t a r s i s shown i n f i g u r e 2. The means are based on 199 la rvae 
measured d u r i n g the two win te rs 1966-6? and 1967-63; c o l l e c t i o n s and 
measurements were made i n every month between October, when Pyrrhosoma 
enters the f i n a l i n s t a r , and A p r i l , p r i o r t o en te r ing metamorphosis. 
Data on larvae t h a t had entered metamorphosis are inc luded i n sec t ion 
2.6 below. 
The r e s u l t s show a steady increase i n wet weight w i t h inc reas ing 
l eng th , no d i s t i n c t i o n being made i n the graph between the sexes which 
were equa l ly representee i n each size category. However, i n f o u r s ize 
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classes, there was enough data to show a s t a t i s t i c a l l y s i g n i f i c a n t 
d i f f e r e n c e i n wet weights between the sexes, female la rvae being s l i g h t l y 
heavier on average than males of the same l e n g t h . The analys is was 
ca r r i ed out using F i scher ' s t t e s t arid the r e s u l t s are summarised i n 
t ab le 2. 
The data show t h a t female f i n a l i n s t a r s are s l i g h t l y heavier than 
males of a s i m i l a r l e n g t h . This d i f f e r e n c e i s no t dae t o the presence 
of eggs, f o r l i k e most Odonata, no maturat ion o f eggs appears t o take 
place w h i l s t Pyrrhosoma i s s t i l l i n t he f i n a l i n ^ t a r (Corbet 1962). 
The d i f f e r e n c e may be r e l a t e d , ho ever, t o the greater s ize d i " f c r e n t i a l 
shown by mature a d u l t s . 
Length 
(mm) n 
liean wet 
weight (mg) 1.3 . L . P 
13 .00? 
13.00? 
26 
26 
46.14 
49.43 
0.667 
0.680 
0.01-0.001 High ly 
s i g n i f i c a n t 
1 3 . 5 0 ? 
1 3 . 5 0 * 
12 
11 
49.24 
52.75 
0.999 
1.553 
0.1-0.05 Not 
s i g n i f i c a n t 
13.75 ? 
13.75 % 
12 
11 
49.37 
52.67 
1.013 
0.606 
0.05-0.02 s i g n i f i c a n t 
14.00 t 
14.00 % 
14 
18 
52.47 
56.99 
1.304 
1.506 
0.01-0.001 High ly 
s i g n i f i c a n t 
Table 2 Comparison between mean wet weights of male and 
female f i n a l i n s t a r iyrrhosoma. 
I n absolute terms, the wet e i g h t d i f f e r e n c e between the sexes i s 
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s l i g h t and i n ca l cu l a t i ons of wet . .eights o f f i n a l i n s t a r s i n the f i e l d 
could be e f f e c t i v e l y ignored . 
I n order t o convert l eng th measurements of f i n a l i n s t a r s i n t o mean 
wet weight values a regress ion was ca lcula ted f o r the f i r s t seven poin ts 
shown i n f i g u r e 2 ( la rvae up t o 13.75 mm l o n g ) . The equation i s : -
y = k.l&Zx - 10.545 
r = O.SJfl 
where y = mean wet ./eight (mg) 
x = mean length (mm) 
The wet weights of l a r g e r la rvae , f o r which the r e l a t i o n s h i p between 
length and wet weights was not l i n e a r , were read d i r e c t l y f rom the graph. 
The Rela t ionship Between Length and Dry height 
Data f rom f i n a l i n s t a r s wes analysed separately f rom a l l o ther 
i n s t a r s . 
i ) A l l I n s t a r s Excluding F i n a l Ins ta r s 
Figure 1 shows the r e l a t i o n s h i p between leng th (mm) and dry weight 
(mg) based on data f rom 199 ^yrrhosoma ranging i n size f rom newly hatched 
to penultimate i n s t a r s . A l l larvae were measured as soon as poss ible 
a f t e r c o l l e c t i o n . 
Two regressions were f i t t e d t o the data . For the purpose of the 
regression c a l c u l a t i o n s , the dry weight values were m u l t i p l i e d by 100 
t o e l iminate negative logs . The equations o f the regressions a r e : -
For la rvae ^ 2.75 mm i n l eng th (n • 63) 
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y = 3.002x - 0.306 
r = 0.9683 
For la rvae ^ 2.75 mm i n l eng th (n = 136) 
y = 2.734x - 0.184 
r = 0.9917 
..here y = l o g (dry weight x 100) 
x = l o g l eng th 
i i ) F i n a l Ins t a r s 
Figure 2 shows the r e l a t i o n s h i p between leng th (mm) and mean dry 
weight (mg) i n the f i n a l i n s t a r . The means are based on 79 l a rvae 
measured dur ing the two win te r s 1966-67 and 1967-68, col lec t ion and 
measurements being made i n every month from Lctober to A p r i l i n c l u s i v e , 
w i t h the exception of November and January. As i n the data for wet 
weights, no metamorphosing larvae have been inc luded i n t h i s ana lys i s 
but are cons i j e red i n sec t ion 2.6 below. 
No at tempt t o show any sexual d i f f e r e n c e i n dry weights was made, 
the number o f samples i n each size category being i n s u f f i c i e n t . However, 
the sexes are approximately equal ly represented i n each s ize group and 
any e r r o r in t roduced i n assuming a s i m i l a r mean dry weight f o r males and 
females w i l l be n e g l i g i b l e . 
To convert l eng th measurements of f i n a l i n s t a r s i n t o mean dry weight 
values, a regression was ca lcula ted f o r the nine po in t s shown i n f i g u r e 
2. The equation f o r the l i n e i s : -
- 2 1 -
£ : 0-3799 
where y = mean dry weight (mg) 
x = mean leng th (mm) 
2.4 INSTAR NUMBER IN FYHRHOSOl'-IA N3MPHULA 
The rron; :muh 
I t see ms probable t h a t a l l Sygoptera larvae w i l l u l t i m a t e l y be 
shewn t o possess a pronymph l a r v a l stage (Corbet &t a l . 1960) but i t 
has not y e t been repor ted i n Fyrrhosoma. I n most Odonata i t i s o f 
extremely shor t du ra t ion and : . t the mo t l a s t s only f c r a matter of 
hours (Corbet 1962), a l though i n Pyrrhosoma i t probably l a s t s f o r on ly 
a few seconds (Gardner and i l a c i . e i l l 1950). During the present s tudy, 
a pronymph stage was not observed despi te c a r e f u l d a i l y examination o f 
eggs hatching i n the l a b o r a t o r y . Since pronymphs do not feed and are 
of such shor t d u r a t i o n , they can be e f f e c t i v e l y ignored i n energy budget 
c a l cu l a t i ons . 
The pronymph i s considered a t rue l a r v a l stage and i n the present 
study, f o l l o w i n g Corbet (1962), i t has been designated as i n s t a r 1 . Not 
a l l authors have fo l lowed t h i s procedure, both Ba l fou r -Jrowne (1909) 
and ilormondy (1959) f o r example c a l l i n g the f i r s t a c t i ve feed ing stage 
t o which the pi onymph moults i n s t a r 1 . Cta the basis of the c l a s s i f i c -
a t i o n used here, t h i s stage i s termed i n s t a r 2. 
Determination of I n s t a r Number 
A l a rge ser ies o f head wid th measurements was availa'.-le f rom monthly 
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populat ion samples taken between Ju ly I966 and Hay I968 . This i n f o r m a t i o n 
was used i n the deterrain t i o n o f the average number o f i n s t a r s shown by 
Pyrrhosoma dur ing i t s development. 
Head width measurements were made w i t h i n 48 hours o f c o l l e c t i o n 
(using a micrometer eye-^iece) . Figure % shows the r e su l t s expressed 
i n the form of the head w i d t h : frequency his togram. J i ze categories o f 
0.05 mm were used f o r smal l larvae (head widths between 0.35 and 1.20 mm) 
and 0.10 mm s ize categories f o r l a r g e r la rvae (head widths ^ 1.20 mm). 
Larger s ize categories --ere used i n i t i a l l y but w i t h o u t the very f i n e 
d i v i s i o n of head wid ths , i n s t a r r ecogn i t ion was found to be imposs ib le . 
This i s probably why Chatter (1961), using comparatively large 0.3 mm 
head width ca tegor ies , f a i l e d to d i s t i n g u i s h most o f the i n s t a r s o f the 
South A f r i c a n damselfly Pseudarrion. 
I n f i g u r e 3a, eleven modes corresponding t o eleven i n s t a r s can be 
d i s t ingu i shed . Lore exact analysis of the data could have been c a r r i e d 
out using p r o b a b i l i t y paper, but the a d d i t i o n a l i n f o r m a t i o n so gained was 
not thought to j u s t i f y the labour i n v o l v e d . Ins tead , a check on the 
i n t e r p r e t a t i o n of the r e s u l t s was made by p l o t t i n g the l o g of the 11 
modal head wid th values taken f rom the head w i d t h : frequency graph, 
against the i n s t a r numb:r t o which they probably correspond (see f i g u r e 
3b) . A l i n e a r r e l a t i o n s h i p c l e a r l y holds thereby support ing the i n t e r -
p re t a t i on tha t each mode corresponds t o a separate i n s t a r w i t h head 
wid th increas ing by a constant f a c t o r a t each moul t . I n many Arthropod, 
s ize increases by a f a c t o r o f 126 a t each moult ( the w e l l known Brooks-
x'rzibram Growth Factor) and the mean constant increase i n s ize between 
the modal head widths designated i n f i g u r e 3a was found t o be 1.25. 
Several authors obtained data on the Brooks-Przibram growth f a c t o r i n 
Cdonata: both Calver t (1929) and Aormondy (1959) review the l i t e r a t u r e . 
A l l the repor ted values l i e close t o the f i g u r e o f 1.25 found i n the 
present s tudy. From the evidence i t i s reasonable to suggest t h a t 
t y p i c a l l y Pyrrhosoma passes through 11 i n s t a r s a f t e r moul t ing from the 
pronymph and the re fo re has twelve l a r v a l stages i n a l l . 
normally, cdonata possess between 9 and 14 i n s t a r s (Corbet 1962) 
and c l e a r l y the s i t u a t i o n i n Pyrrhosoma was s i m i l a r t o t h a t found i n 
other species. An i n d i v i d u a l male 1 yrrhosoma, which developed f rom 
egg t o imago i n the l abora to ry , passed through 12 i n s t a r s (Gardner and 
. •-.clJeill 1950), i d e n t i c a l t o the number found i n the _:resent s tudy. 
However, Bajgkhoff (1910), i n Calvert (1929) repor ted only 9 i n s t a r s i n 
Pyrrhoscma a i d al though t h i s probably d i d no t inc lude the pronymph, i t 
suggests t h a t i n s t a r number may vary . s i m i l a r conclusion was drawn 
by Calvert (1934) f o r i n s t a r number and the accompanying changes i n 
s t ruc tu re i n ..nax Junius and by +Armondy (1959) who found v a r i a t i o n i n 
i n s t a r number i n Tetragoneuria 3 - . . 
App l i ca t i on of I n r t a r Kunber 
The nuir.ber o f moults i s important i n the determinat ion o f the energy 
l o s t w i t h the exuvia . The data on ins bar number was the re fo re u t i l i s e d 
i n the appropr ia te sec t ion on exuvium product ion (see chapter 1 1 ) . 
Occasionally i n s t a r number was used as a convenient d e s c r i p t i o n of 
the approximate development stage under cons idera t ion , but a l l e x p e r i -
mental and popula t ion data were c o l l e c t e d us ing weight or l eng th measure-
meats of l a rvae . The obvious exception t o t h i s Mas i n s t a r 12, the 
f i n a l i n s t a r , ./here larvae w i t h a head wid th below 3.5 mm were never 
found and were t he re fo re q u i t e d i s t i n c t f rom the penult imate i n s t a r 1 1 , 
the l a rges t head wid th i n t h i s i n s t a r being 3.3 mm. Throughout the 
study, f i n a l i n s t a r s were i d e n t i f i e d and r e f e r r e d t o as such, t h i s being 
the only case ./here i n s t a r number was used t o i n d i c a t e a d e f i n i t e 
developmental stage reached by the l a rvae . 
2.5 FINAL INSTAR DIAPAUSE 
Corbet (1956, 1957b, 1962) considered Fyrrhosoma t o be a t y p i c a l 
spr ing emergence d ragonf ly and as such i t might be expected to possess 
a diapause i n the f i n a l i n s t a r . T y p i c a l l y diapause r e s u l t s i n a con-
siderable reduct ion i n metabolic ra te on a u n i t weight basis ( e . g . Clarke 
1967, " c i s t s r and 3uc-: 1964) and i t was c l e a r l y important to determine 
the dura t ion of the diapause stage i n ?y rrhosoma and t o e luc ida te i t s 
e f f e c t s on metabol ic r a t e . Consequently, f i n a l i n s t a r r e s p i r a t i o n 
ra tes , maximum feeding rates and percentage a s s i m i l a t i o n were measured 
monthly f rom October on en te r ing the f i n a l i n s t a r u n t i l March or A p r i l 
p r i o r to en te r ing normal metamorphosis i n the f i e l d . These experiments 
are reported i n chapters 9, 10 and 12. Experiments to determine the 
dura t ion and t h e nature of the diapause are repor ted i n chapter 13. 
2.6 HETAMQRPHOSIS 
Pyrrhosoma passes through a ser ies of c l ea r ly recognisable stages 
during metamorphosis; these have not been described p rev ious ly and are 
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reported here. Observations v/ere made on the morphological changes 
shown try over 3C larvae i n the laboratory during metamorphosis and i t 
MM from these data that the three stages ./ere distinguished. They are 
as fol lowss-
3tage 1 No Metamorphosis 
a) i n g cases overlap. 
b) jiyes blackish on both upper and lower surface. 
c) Labium wi th muscle bands clearly v i s i b l e . 
d, Uoper surface of abdomen brown. 
otage 2 iSarly Metamorphosis 
a) ring cases swollen and pa ra l l e l . 
b) Lower surface of eyes usually greyish. 
Otherwise as stage 1. 
3ta.g;e 3 Com p i ted Metamorphosis 
a) .ing cases swollen and p a r a l l e l . 
b) iyes - both upper and lower surface [a le grey-brown or yellow-brown, 
c} Labium completely clear with muscle atrophied and adult mouthparts 
v i i b l e at base. 
d) Upper surface of abdomen frequently w i t h reddish colorat ion. 
Emergence follows f a i r l y soon a f t e r entering stage 3 metamorphosis. 
The stages form a continuous series but, since intermediate stages were 
passed through rap id ly , the major i ty of larvae could be assigned to a 
definite stage quite easi ly . 
.<eir.ht Changes Durinp, Metamorphosis 
Table 3 shows the mean wet and dry "weights f o r stage 2 and stage 3 
metamorphosis larvae. As wi th the wet e i g h t s f o r non-metamorphosing 
f i n a l ins t a r s , the tendency f o r females to be s l i g h t l y heavier i s obvious, 
though only i n one ca:;e i s the difference s i g n i f i c a n t . Consequently, 
the data from both sexes i n each stage have been pooled: this i s un l ike ly 
to introduce any appreciable error i n application to f i e l d conditions, 
rhe pooled data are presented i n table 4. 
A s ign i f i c an t increase i n wet weight and a decrease i n dry weight 
i s apparent between stages 2 and 3. Atrophy of the l a b i a l muscles 
prevents feeding i n stage 3 metamorphosis (feeding continues u n t i l the 
end of stage 2) , whi l s t the respirat ion rate during metamorphosis i s 
exceptionally high (see chapter 10} so that a decrease i n dry weight 
between stages 2 and 3 might be expected. The increase i n wet weight 
i s presumably due to the intake of water. 
Meta- Wet or ..eight 1 S.E. t p 
moryhic •ry n (mg) (mg) 
stage weight 
2 wet t 31 58.49 1.36 2.244 0.05-0.02 
30 62.78 1.35 
2 dr„/ i 13 14.36 0.56 1.200 Not 
? 11 15.18 0.4C s i g n i f i c a n t 
3 wet $ 16 63.28 1.48 0.418 Not 
14 67.03 2.02 s ign i f i can t 
3 dry t 16 13.36 0.25 1.063 Not 
% 14 13.91 0.45 s i g n i f i c a n t 
Table 3 Mean wet and dry weights i n stage 2 and stage 3 
metamorphosing f i n a l instars of Fyrrhosoma}sexes 
analysed separately. 
- s t a -
mo rphic 
stage 
n 
./eight 
Img) 
1 -».-*• 
(mg) 
j _ p 
wet 
weight 
2 
3 
61 
30 
60.60 
65.03 
0.99 
1.24 
2.793 0.01-0.001 
dry 
weipht 
2 
3 
24 
30 
H . 7 3 
13.62 
0.36 
0.06 
2 . 5 ^ 0.02-0.01 
Table 4 Lean wet and dry weights i n stage 2 and stage 3 
metamorphosing f i n a l inetars : both sexes pooled. 
At the low temperatures prevail ing i n the pond i n spring, larvae 
s_ent up to two months i n metamorphosis (see chapter 6 ) . j ince t h i s 
was an appreciable length of time, the possible e f fec t s of metamorphosis 
on respirat ion, assimilat ion and feeding were examined. Results of 
these experiments are discussed i n chapters 9, 10 and 12. 
Plate 1. Newly hatched ( ins tar 2) larvae of 
Fyrrhoso.-\a nymphifl.:~. (upper) and 
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Fig . 1. Length: wet weight and length: dry weight 
relationships i n IVrrhosoma larvae, excluding 
f i n a l ins tars . The calculated regressions 
r.re presented i n section 2.3. 
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F ig . 3b. Modal head widths from f i g . 3a, on a log . scale, 
plot ted against probable ins tar number. 
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I-.'ethods 
C a l o r i f i c values (Heats of Combustion A .. or Change i n In te rna l 
Energy) were determined i n a Phi l l ipson uxygen l-dxrobornb Calorimeter 
(PhiHi,.son 1964) manufactured by Gentry-Wiegert Instruments Inc . , 
Aiken, South Carolina. The procedure followed was s imi la r to that 
outlined by Phi l l ipson (I964) and i n the operating instruct ions pro-
vided wi th the bomb calorimeter (V&egert and Gentry September 1965). 
A l l material was prepared by drying i n a vacuum oven at 60°C and 
then stored i n a desiccator over anhydrous calcium chloride and s e l f -
indicat ing s i l i c a gel . u n t i l required. Pel le ts ./ere weighed to 0.01 mg 
on an Electromicrobalance model ESMB-1 (Piesearch and Indus t r i a l I n s t r u -
c t s Zo. London.). 
Ae suits 
a) Calibration 
£2 i n i t i a l benzoic acid ca l ibra t ion burnings were carried out by 
R. Dutton and the present author. A f t e r completing the c a l o r i f i c 
value determinations of the materials l i s t e d i n table 5, a fu r the r 15 
cal ibrat ion burnings were carried out by P . J . Bolton. The results of 
triese two cal ibrat ions Mere as follows 
A. Dutton and J .H . jjawton 
0.5659 rnV/100 cals 0.020 ml 
P . J . Bolton 
O.565S mV/lCO cals JD 0.014 *nV 
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I t i s clear that the cal ibrat ions of the bomb remained constant during 
th is time. 
b; ,x. e r i , ^ n t a l . a t e r i a l 
The results are presented i n table 5. A l l data are ir: gcal .,er 
g. dry weight and include ash. . ercentage ash values calculated from 
unburned material l e f t i n the bomb are also given, f r a n which ash free 
f igures may be calculated. The ash contents were a l l below 50 per cent 
and there was therefore no necessity to apply corrections f o r endothermic 
reactions (raine 1966). 
-.ost of the samples show a var ia t ion wi th in the 3 - 4 per cent 
usually regarded as acceptable (e.g. Golley I 9 6 I ) . A few samples show 
greater v a r i a b i l i t y , probably due to poor homogenisation of the mater ial , 
which .as par t icu lar ly d i f f i c u l t wi th f i n a l ins ta r samples. 
The results show that there was no consistent difference i n the 
c a l o r i f i c value per mg of male and female larvae and the data from 
both sexes ..ere therefore pooled. 
Non-metamorphosing f i n a l inetar larvae i n December, February and 
A p r i l (samples 9 - 14 i n table 5) appeared to have s l i g h t l y higher 
c a l o r i f i c values per mg than October f i n a l i n s tars and small, larvae 
(samples 1 - 13). J a l o r i f i c values per mg also a] , . red to change 
during metamorphosis (samples 15 - 18). Mean calories per mg ..ere 
therefore calculated f o r the f o l l o w i n g : -
i ) Larvae between hatching and O c t o b e r f i n a l instars 
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i i ) Non-metamor^hosin_ f i n a l instars (December - A p r i l ) 
i i i ) ^tage 2 metamorphic larvae 
i v ) Stage 3 metamorphic larvae 
The results are shown i n table 6. 
The only other data presented i n table 5 that were combined were 
the reproductive and. non-re productive Daphnia ^ 1,5 mm long (prey 
species samples 21 and 22). The results are also shown i n table 6. 
In a l l subsequent energy budget calculations, c a l o r i f i c values per 
mg were taken from table 6, unless they w e r e for material that had not 
been pooled, when the ind iv idua l results presented i n table 5 'were 
u t i l i s e d . 
The c a l o r i f i c va^ue o f one species, Jloeon di; j teru. t (1 . ) , was taken 
fro- Slennel (1967), who obtained a value o f 5454 cals per g 'dry weight. 
Slennel's material "..as collected from the same ponds as i n the present 
study and showed no va r ia t ion with ins ta r . 
Pi 5cussion 
Scott (1965) pointed out that the heat of c o m b u s t i o n a s measured 
i n the bomb calorimeter, at constant volume and temperature, d i f f e r s 
s l i g h t l y from the maximum energy released i n complete legredation of 
the same material by another organism (the cliange i n itothaL.y A r i ) , since 
b io logica l reactions take place at a.proximately constant pressure and 
temperature. The difference however i s usually small and wi th in 3 - 4 
percent variat ion observed between samples* I n accordance wi th general 
practise, correction f o r t h i s difference has not been male. 
There are few previous published data on c a l o r i f i c values of 
Ldonata. i l i n g and J a i l (1967) obtained a f i g u r e of 5028 cal per g 
dry weight f o r mixed insect carnivores which included Gcmphidae, 
Cordulegasteriiae and L i b e l l u l i dae (Anisoptera) and Coenagriidae and 
Agrioniidae (^ygoptera), but also included insects other than udonata 
e.g. rlecoptera an-, „ialis. Davis and ..arren ( i n ^ i c k j r 1968) , give 
figures of 49G5 c a l per g dry weight (range 4026 - 5191) f o r Coenagriidae 
(^ygoptera). Their figures are f o r animals of unknown size and meta-
morphic conditions c o l l e c t e d i n the spring, but are reasonably close t o 
those obtained f o r ryrrhosoma. Fischer (1967a) measured the c a l o r i f i c value 
of Lestes soonsa larvae f o u r times during development i n the laboratory. 
Values ..ere calculated from f a t , p r o t e i n and carbohydrate analysi s and 
not by bomb calorimetry. Unlike ryrrhosoma, values changed markedly 
through l a r v a l l i f e v i z : -
Newly hatched 4400 cal per g dry weight 
4 days old 4700 c a l per g dry weight 
10 days ol d 4900 c a l per g dry weight 
f i n a l i n s t a r s p r i o r t o emergence (36 days old) 
4500 c a l per g dry weight 
They are also appreciably lower than i n ryrrhosoma. Whether these 
differences are r e a l or are due t o the d i f f e r e n t methods used i s not 
known. Nor i s i t possible t o say whether the change i n c a l o r i f i c value 
per g w i t h ins t a r i n Lestes i s t y p i c a l of Odonata or whether a compara-
t i v e l y constant va^ue as seen i n ryrrhosoma i s more usual. Between 
insect groups there i s much v a r i a t i o n . ..ierert (1965) found t h a t 
c o l o r i f i c values per g increased w i t h increasing i n s t a r number i n 
?hilaenus. ^asv-ari (1966) also showed an increasing c a l o r i f i c va^ue 
per g w i t h increasing i n s t a r number i n the. grassho i Ver Chorb-.i, .;.us but 
there was an unexpected drop i n c a l o r i f i c value per g i n i n s t a r 3 followed 
by a f u r t h e r increase with size a f t e r i n s t a r 3. Clconol (1967; could 
f i n d no change w i t h i n s t a r number i n Cloeon l i , i t e r am larvae. Lbviuusly 
the s i t u a t i o n must be examined separately f o r each species. 
The c a l o r i f i c values obtained f o r prey species (samples 21 - 25 
ta l e 5) were s i m i l a r t o those obtained by other workers (see Cummins 
1967) . The c a l o r i f i c value of faeces /ere a l l s l i g h t l y less than those 
of the prey from which they were derived, w h i l s t the ash contents ».rere 
higher. F i e l d faeces showed a very low c a l o r i f i c value per mg, a 
r e s u l t discussed i n chapters 8 and 9 . 
Table 5 
C a l o r i f i c value determinations 
x.umber ..ate r i a l 
unbar 
of 
samples 
Mean 
cal/g 
i r y ' f t . 
i ' uige % ash 
i : ; rrhoso ..a 
^iz,e categories. 
Lengths w i t h o u t 
caudal lamellae 
( i n mm) 
1 1.00 - - .49 mm 1 5157.7 - 5.64 
2 2.50 - 5.49 mm 5 5116.4 5001.6 - 5189.6 5 .19 
3 5.50 - 8 .49 mm 6 4 5103.1 5031.3 - 5205.9 6 . 3 1 
4 5.50 - 8 .49 mr, ? 5 5039.9 4980.7 - 5H4.4 4.81 
5 8 .50 - penultimate 
i n s t a r <? 
5 5226 .0 5094.5 - 5314.2 4 .67 
6 8.50 - penultimate 
i n a t .r ? 
4 5163.7 5123.6 - 5225 .7 4.82 
% 1 
f i n a l i n o t a r t c t . ^ 4 5175.2 4837.2 - 5687.4 5.76 
8 : f i n a l ins t a r l e t . ? 5 5037-5 4866.8 - 5212.9 6.29 
9 f i n a l i n s t a r Dec. 6 4 5246.1 5158.7 - 5291.8 4 .30 
10 f i n a l i n s t a r Dec. ? 4 5212.7 5112.8 - 5300.0 5 . 9 1 
11 f i n a l i n s t a r Feb. $ 4 5218 .7 5120.6 - 5335.6 5 . 0 1 
12 f i n a l i n s t a r Feb. ? 4 5302.8 5195.2 - 5393.3 4.85 
13 f i n a l i n s t ' r ^remet. 
A p r i l $ 
4 5307.9 526" .7 - 5389.3 3.80 
14 f i n a l i n s t a r .remet. 
A p r i l $ 
4 5334.6 5224.0 - 5431.5 ' : . . 6 l 
Number 1 a t e r i a l 
Number 
of 
samples 
Kean 
cal/g 
dry wt. 
range ,- ash 
j . l i i '"• c 
15 stage 2 <? 3 5515.5 5470.2 - 5589.5 3.06 
16 stage 2 ? 3 5376.2 5344.0 - 5419.8 2.76 
17 stage 3 ct 5 5294.0 5135.2 - 5/0-6.8 44.16 
16 str.jjc 3 ? 
i xuvi a: & r r h os orna 
5 529C 3 52U.1 - 5336.9 ' . .70 
19 A l l ins t a r s 
excluding f i n a l s 
4 4 5 3 6 . 1 4386.9 - 4631.6 7 .16 
20 f i n a l i n s t a r exuvia 
Prey -jpecies 
5 3705.2 - 3983.5 17.75 
21 Da. hnir. obtusa } 1.5 
mm. rep. 
5 5130.5 5051.5 - 5270.8 6 .43 
22 Daphnia obtusa ^ 1 . 5 
mm. n on-re p. 
4 5079.9 4979.1 - 5138.6 6.99 
23 Daphnia obtusa ^ 1.5 
mm. 
4 4830.5 4818.3 - 4843.8 8.49 
24 Asellus aqoaticus 3 3440.4 3397.4 - 3481.7 15.80 
25 l.ironomid sp. 4 5516.0 5389.1 - 5650.3 10 .44 
Pyrrhosoma faeces 
26 From Daphnia prey 5 4657.9 4540.8 - 4755.3 1 1 . 2 1 
27 From Asellus prey 2 2565.4 2510.4 - 2620.3 34.06 
28 From Chironeroid prey 2 4568.5 4516.6 - 4620.3 15.95 
29 From doe on prey 2 5006.6 4949.2 - 5043.9 4 .53 
30 .\?cc3 from larvae 
c o l l e c t e d i n f i e l d 
~> 2794.4 2754.9 - 2 8 7 2 . 1 31.92 
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. a t e r i a l 
Number 
of 
samples 
Mean 
cal/g 
dry wt. 
Range where 
< 10 
1 >.B. 
Kewly hatched larvae t o 
October f i n a l i n s t a r s 
Pyrrhosoma (both sexes.: 
samples 1 - 8 t a b l e 5. 
33 5124.8 - 25.9 
r'ost October f i n a l i n -
star s , excluding meta-
morphosing larvae (both 
sexes): samples 9 - 1 4 
table 5. 
24 5270.5 - 18 . 2 
Stage 2 metamorphosis 
(both sexes): samples 
15 and 16 tabl e 5 
6 5445.9 5344.0 - 5589.5 -
Stage 3 metamorphosis 
(both sexes; : sa. Iss 
17 and 18 table 5 
10 5 2 9 2 . 1 - 24.9 
Reproductive arid non-
reproductive DaDhnia ^  
1.5 mm long: samples 
21 and 22 t a b l e 5. 
9 5106.0 4979 .1 - 5 2 7 C 8 -
Table 6. Combined c a l o r i f i c values from ta b l e 5. 
Chapter 4 
4 . 1 INSCRIPTION OF PONDS 
Two ponds a t orasside, two and a h a l f miles (40 Kin) north east of 
Durham Citg , Co. Durham, were chosen f o r study (Normal National Grid 
Reference NZ (45) 2 9 1 : 4 5 1 ) . The l o c a l i t y which stands approximately 
200 f t (61 m) above sea l e v e l , l i e s on the Laminated Clays of the o l d 
submerged v a l l e y of the Paver .ear ( i d l i n g 1 9 5 5 ) . The clays have 
been extensively worked and the abandoned workings have flooded t o form 
a series of ponds and marshes designated as an S.S.S.I, by the Nature 
Conservancy. 
The study area which contained the two stady ponds, covered an 
area of 2-3 acres ( 1 ha) a t the southern end of the clay workings. 
According t o Durham Rural D i s t r i c t Council records, workings v/e re s t a r t e d 
on t h i s section soon a f :er 1939 and were abandoned on 4 t h January 1949. 
I n a ddition t o the two study ponds, f i v e other s i m i l a r small " ater 
bodies, a large pond and a marshy complex of small pools have formed i n 
the hollows of the <workings. Figure 4 shows a map of the study area, 
w i t h the main ;>onds and marshy areas. The surrounding vegetation, 
l a r g e l y I ardus grassland growing on the acid clay s o i l , supported a few 
scattered bushes of hawthorn (Cr itaegug moaogyna Jacquin), dog rose 
( .osa Canina L. ) , w i l l o w (SaLLx sp.) and bramble (Rubus so.) w i t h 
i s o l a t e d groups of oak trees (?uercus sp.). The clay workings exposed 
underlying base r i c h s o i l s and a v a r i e d fen f l o r a occurred i n the lowest 
marshy hollows, J a t t l e and horses grazed f r e e l y over the whole area. 
The two pcttda lesigaated - and F i n figures 4 were the ones chosen 
f o r d e t a i l e d study: both maj be termed ponds on the basis of the ha b i t a t 
c l a s s i f i c a t i o n of ^ I t o n and i d l l e r (1954)- The larvae i n these ponds 
were sampled r e g u l a r l y t o ^ rovide the necessary data on growth, m o r t a l i t y 
and other population parameters. Measurements ./ere made of the mean 
temperatures p r e v a i l i n g i n the study ponds during the period of time i n 
which the population studies were made. ..i t h a few exceptions, a l l the 
larvae remove 3 from ^onds B and F were returned w i t h i n three days of 
c o l l e c t i n g . The other ponds w i t h i n the study area ..ere used as a source 
of larvae f o r experimental work. I n t h i s way, an adequate supply of 
experimental animals was assured, without depleting the populations i n 
the two study ponds. Though the l a r v a l populations were i s o l a t e d , they 
formed part of one gene pool during a d u l t l i f e and there was no reason 
to suspect t h a t the experimental larvae d i f f e r e d i n any way from the 
larvae followed i n the population studies. 
3oth pond 3 and pond F were connected v i a narrow shallow channels 
to adjacent water bodies. For numerous reasons, however, these were 
the only two ponds s u i t a b l e f o r d e t a i l e d study. The other water bodies 
i n the stuck area e i t h e r c a r r i e d too small a Pyrrhosoma l a r v a l popula-
t i o n , showed great seasonal f l u c t u a t i o n s i n area and depth, -.ere d i f f i c u l t 
t o sample because of size, or were already being studied by other 
workers. I n p r a c t i c e , i t ./as c c s i l e r c d j u s t i f i a b l e t o t r e a t each 
l a r v a l population as i s o l a t e d f o r Pyrrhosoma larvae show very l i t t l e 
movement p a r a l l e l t o the shore (I-iacan 1964), -nd i .mi r a t i o n and emigra-
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t i o n between the stucty ponds and the adjacent water bodies to which 
they //ere connected was probably negligible. 
Pond 3 
Pond B was chosen as the main study pond. I t was 1 7 i m long and 
5-6 in wide f o r most of i t s length with a surface area of 93 m~ and a 
maximum ;lepth of just over 1 m. A shallow layer of mud and detritus 
overlying clay formed the pond bottom. A photograph of the pond i s 
sho/fli i n plate 3 and the morphology of the basin i n figure 5. Depth 
contours ..ere taken on 29 /6 /67 when the water level was quite low. 
Water l e v e l readings were taken at an a r b i t r a r i l y chosen permanent 
reference point whenever the pond was v i s i t e d ; fluctuations were not 
gr:at and are shown i n figure 6 . 
Figure 5 shows that the aquatic plants formed three d i s t i n c t areas 
or vegetation types. Their relationship with depth i s obvious. 
i ) The north side of the pond supported a thick jrowth of Juncus 
effusus (L.). 
i i ) Apart from two isolated clumps, J. effusus was absent from the 
south side of the pond where the main vegetation consisted of 
Juncus articulatus (L.) with .-.Icocharis salustris (L.) and some 
PotcXio^eton natans (L.). 
i i i ) lotamogoton natans alone, or, i n the more shallow parts, Potamogeton 
and .jleocharis covered the centre of the pond. I n figure 5, the 
area supporting Potamo rcton only has been differentiated form that 
also supporting a sparse growth of IPLeoch-:.ris. These two areas 
- 39 -
/ere found t o be very similar as far as Pyrrhosoma population 
density was concerned and were treated as one vegetation type 
i n the population studies. 
Plants not referable to any particular vegetation type were, iso-
lated parches of Alisma ^lantaro-acu-,tica (L.) and small clumps of 
Carex ni.^ra ( L .), Juncus inflexus (L.) and I-^osotis caesd-tosa ^civultz. 
The f l o a t i n g aquatic liverwort iilcciocar. us natans (L.) was present 
throughout the study ;>eriod, i n i t i a l l y i n very small quantities. I t 
started to increase slowly during the winter of 1966-67 but during 
August and ^ e_J:a. .';..er 1967 increased very rapidly to cover quite large 
areas. .Jfter declining during the winter of 1967-68, i t then increased 
again u n t i l the end of the study and gradually replaced Po tamo/re ton on 
the surface of the open water. This was the only v i s i b l e change i n the 
iquatic vegetation pattern during the study period. Be cause 3icciocar»/us 
was d r i f t e d by the wind, i t ..as not possible to show i t s d i s t r i b u t i o n i n 
figure 5. 
The areas of the three vegetation types l i s t e d above were found to 
be as follows:-
Juncus effusus zone = 22.3 m 
2 
Potamo,-eton/J,leocharis zone = 49 .2 m 
J a-: c US a r t i cactus t h 
-llcochr.ris and x otarno/Teton zone 
21 .6 m2 
Total = 9 3 . 1 m2 
Fond F 
Pond F was studied less intensively tlian pOr.d 3. I t was roughly 
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rectangular and q u i t e small measuring only 4 ni by 3 m w i t h a surface 
area of 13.2 m**" and a maximum depth of j u s t over 80 cm. A photograph 
of pond F i s shown i n p l a t e 3 and the morphology of the basin i n f i g u r e 
5: depth contours .vere taken on 29/6/37. Pond F varied less than pond 
B i n depth and d e t a i l e d f?oictuations were not recorded. The bottom of 
the pond was covered vdth a t h i c k l a y e r of organic d e t r i t u s overlying 
the clay. 
The pattern of vegetation i n _ond F was simple. Potamo,~eton natans 
dominated the whole pond, the stee : sides confining the emergent vegeta-
t i o n t o a narrow zone round the edge. .ihere present, t h i s consisted of 
Juncus effusas (and some J. i n f l e x u s ) vdth Alisma .jlantago-aquatica and 
'Sleocharis p a l u s t r i s . Figure 5 shows the d i s t r i b u t i o n of the vegetation. 
A shallow i n t e r m i t t e n t l y f l o w i n g d i t c h drained i n t o pond F on the 
north side and out on the south side. Cne corner of pond F (see figures 
4 and 5) connected t o another s i m i l a r sized pond through a narrow d e t r i t u s 
choked channel. 
Previous Work i n the ^ta&y Area 
Only f o u r previous studies had been c a r r i e d out w i t h i n the study 
area of which three provided information about the energy flow through 
the herbivore and decomposer t r o p h i c le v e l s of the small ponds. 
i.or/.hy (1966) was the f i r s t person t o work on the ponds and provided 
information about the population dynamics and general ecology of the p u l -
monates Limnaea stapyialis (L.) and Planorbis olanorbis (L.) i n pond A. 
Macggffi (1967) extended t h i s work arid examined some of the components of 
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the energy flow through Planorbis planorbis populations. Further ener-
getics information was | rovided by Glennel (1967) f o r Cloeon dip-be rum L. 
(Ephemeroptera) and by Fits :.>atrick (1968) f o r .melius aquaticus L. 
(Isopoda), both i n pond J. 
Reference w i l l be made t o these works where appropriate. 
4.2 POND TEMPaRATUHB 
I n t r o d u c t i o n 
Mean pond temperature, over time i n t e r v a l s varying between a f o r t -
n i g h t and one month, were measured using a sucrose inversion method. ~ 
si m i l a r technique f o r measuring water temperature appears t o have been 
used by ^ chmitz (1954), (quoted i n ..acan 1963), but the methods employed 
i n the present study were s l i g h t modifications of those -'escribed by 
3 e r t h e t ( 1 9 6 0 ) . 
The in v e r s i o n of sucrose t o glucose and fructose i s i r r e v e r s i b l e 
and, at a constant pH, the rate of inversion i s prop o r t i o n a l t o the 
temperature. ~>ince sucrose and the f i n a l gluccse/fructcse mixture 
r o t a t e polarised l i g h t to d i f f e r e n t degrees, the amount of inversi o n a t 
any time during the reaction can be measured using a polarimeter. I f 
the r e l a t i o n s h i p between inversion r a t e and temperature i s determined i n 
the laboratory a t a constant ,.!>, t h i s information can then be used t o 
convert inve r s i o n measurements made on solutions t h a t have been placed 
i n the f i e l d i n t o mean f i e l d temperatures. I t should be noted t h a t the 
rate of invers i o n i s not l i n e a r w i t h temperature, higher temperatures 
being p r o p o r t i o n a l l y more important than lower temperatures. Therefore, 
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the f i n a l mean calculated from a s o l u t i o n which has been subject t o 
f l u c t u a t i n g temperatures i s an exponential mean and i s l a r g e r than 
the equivalent a r i t h m e t i c mean. However, the difference between the 
two, a t t h e maximum temperature p r e v a i l i n g i n the ponds f o r any length 
of time, i s only about 1 C and f o r most of the year i s considerably 
less. No attempt was made t o correct f o r t h i s d i f f e r e n c e . 
i-jsthod 
The "Rapid Inversion Solution" described by Berthet was employed. 
Two solutions are made up which, when mixed together i n epa.1 parts, 
give a s o l u t i o n of pH 1.21. 
i ) b u f f e r 
3.730 g ilCl plus 33.9 ml K HG1 d i l u t e d t o 500 ml with water. 
i i ) Sucrose s o l u t i o n 
400 g of Gurr 1 s B a c t e r i o l o g i c a l Saccharose dissolved i n 260 ml 
of water and 10 ml of 35 percent formaldehyde added as an a n t i -
b i o t i c . The s o l u t i o n i s f i l t e r e d . The two solutions may be 
stored separately f o r several months and were mixed together as 
required. 
For determining f i e l d temperature, 12 ml of the combined solutions 
were placed i n small i n d i v i d u a l l y numbered screw-top b o t t l e s and the 
tops greased t o prevent entry of water. These b o t t l e s ..ere transported 
i n vacuum f l a s k s containing a freezing mixture of hydrated calcium 
chloride and i c e a t a temperature of -20°C and, i f required, the b o t t l e s 
•were stored i n the laboratory i n a deep freeze. These precautions 
ensured t h a t inversion occurred only w h i l s t the b o t t l e s were i n the 
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study ponds. 
A polarimeter manufactured by 3ellingham and Stanley (London) w i t h 
an accuracy of 0.01 was used t o measure the inversion of the solutions. 
10 ml samples were employed and the contents of each tube measured 
i n d i v i d u a l l y . b o t t l e s were ra p i d l y thawed i n warm water and brought t o 
room tempsrature before measurements were made. I t was found t h a t 
thawed, but cold, solutions showed a r o t a t i o n which was as much as 1° 
smaller than t h e i r value a f t e r reaching room temperature, t h i s change 
being the reverse of t h a t expected i f noticeable in v e r s i o n was proceeding 
w h i l s t they were warming up. Because of t h i s , care .-as taken t o warm 
up each tube t o room temperature before t a k i n g a readi g. For each 
tube, two readings were made and the mean calculated. 
For each batch of s o l u t i o n , i . e . f o r each f i e l d determination, a 
constant 2* (see sample cale o l a t i o n ) was determined by placing tubes 
from the batch i n 5, 10 and 15°3 constant temperature rooms: (3 tubes 
i n a l l ) . This was the only point where the method d i f f e r e d from t h a t 
iescribed by Berthet who used the same mean constant f o r a l l s o l u t i ons. 
This s l i g h t change was thought t o be necessary when v a r i a b i l i t y was found 
i n the pH and i n i t i a l r o t a t i o n valocs of the solutions despite 3 f f o r t s 
to eliminate i t . I n t h i s way, the differences between batches of solu-
tions were compensated f o r . 
During the win t e r the tubes were l e f t i n the study ponds f o r one 
month, but during the summer when pond temperatures were higher and inver-
sion more rapid they were changed a t more frequent i n t e r v a l s . 
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D i s t r i b u t i o n of Tubes i n the ^tudy Ponds 
Tubes Mere placed i n the study ponds i n pairs s i x inches (15 cm) 
?nd one foot s i x inches ('j.6 cm) below the surface on rods pushed 
v e r t i c a l l y i n t o the pond bottom. Three pairs were set up i n pond _• 
and two pairs i n j ond F d i s t r i b u t e d as shown i n f i g u r e 5. I t was 
assumed t h a t t h i s d i s t r i b u t i o n of tubes was adequate to give a r e l i a b l e 
estimate of the mean temperature of the main water mass i n each pond, 
.jithout more s p e c i f i c information than i s at present available about the 
microhabitats occupied b~ .. rhj soma larvae i n the f i e l d , i t was f e l t 
t h a t a more d e t a i l e d study of pond temperature was not j u s t i f i e d and 
consequently a l l subse _ ~ t energy budget calculations have been made 
on the basis of the mean temperature f o r the e n t i r e pond basins. 
Calculation o f i t e s u i t s 
The equations used i n the calculations are those derived, and 
j u s t i f i e d at length, by 3 e r t h e t ( I 9 6 O ) . His not a t i o n was followed 
exactly. The equations used were:-
ni - a ' 
.eg K'T = rp 1 
where: -
K'T i s the Inversion Constant at a -iven pK and temperature T. 
T i s the absolute temperature. 
C1 and a 1 are constants. 
dince a 1 i s independent of pH, the value of 5,854 f o r t h i s constant 
derived by Berthet, was employed i n the ca l c u l a t i o n s . 
J 1 varies w i t h pH and was the constant calculated Tor each batch of 
s o l u t i o n . Values obtained were always s l i g h t l y higher than the 
f i g u r e of 18.99053 given by Berthet. 
Equation 1 can be w r i t t e n 
T = l&k 2 
V - ..og ;r«T 
— 1 1 • 
I n t h i s form i t i s used t o calculate f i e l d temperature T i n degrees 
absolute. 
C1 i s calculated from the f o l l o w i n g equation, applied t o solutions 
from the constant temperature rooms. 
1 t j 0 
ere:-
t i s time ( i n 'ays) i n the constant temperature room. 
T i s temre r a t u r e (absolute) of the conotant temperature roan. 
^ 6 i s the i n i t i a l r o t a t i o n of the s o l u t i o n before inversion. 
fo i s the value of the r o t a t i o n at c o l l a t e i n v e r s i o n : i t i s a 
constant given by i e r t h e t as -9 .17 . 
o< i s the r o t a t i o n of the s o l u t i o n a f t e r time t i n the constant 
temperature room. 
The Inversion Constant .: | rf f o r the f i e l d tubes i s given by 
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where:-
t l a the time i n the f i e l d . 
and are as above 
0< i s the r o t a t i o n of the s o l u t i o n a f t e r being i n the f i e l d f o r time t . 
Using equations 2 3 and 4 above, the f o l i o i n g i s a t y p i c a l calcu-
l a t i o n of f i e l d temperature. 
- , eci - » 3alc. d-L.tion 
A. Duration of Measurement 
i ) Tubes placed i n f i e l d HOC h 9/l/GQ. 
i i ) Tubes removed from f i e l d 1100 h 6/~/68, time t =28 days. 
i i i ) C a l i b r a t i o n tubes placed i n constant temperature rooms 1200 h 9/1/68. 
i v ) C a l i b r a t i o n tubes removed from constant temperature rooms 
a) 15 C constant temperature room HOC h X/l/68 
b) 5 and 10 C constant temperature rooms 0900 h 6/2/68 
Time t i n 15 C constant temperature room = 10 /24 days 
Time t i n 5 and 10°C constant temper-:: ture rooms = 27 / 2 4 days 
3 . Pols rime t o r : leadings; Pon d j 
Tube Vegetation type and depth below surf. ice Rvalues 
1 Juncus 15an below surface 22.00° 
2 Juncus 46cm below surface 19.45° 
o Potamoeeton 15 cm below surface 22 .4G° 
k Potamop.eton 46 cm below surface 19.4C° 
5 rotamop.eton and .Jleochris 15cm below surface 22.40° 
6 Potamopeton and ^ leocharis 46cm below surface 1 9 . 0 7 ° 
T o t a l 124.80° 
Mean 20.80° 
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Constant temperature roans:- 5 • 1 1 . 0 9 ° 
10°C or = - 1 . 8 0 ° 
15 J C (X = 0 . 1 7 ° 
I n i t i a l d o t a t i o n value C^ f t = 4 8 . 5 2 ° 
C. Ca lcu la t ion o f C1 
For 5°C constant temperature room 
_ 278 + L o g C669 L ° g 11.09 • 9.17 ; 
C1 = 19.--722 
A s i m i l a r c a l c u l a t i o n f o r 10°3 and 15°C constant temperature rooms 
gives C1 values o f 19.1958 and 19.1883 r e s p e c t i v e l y . 
Mean Q1 = 19.2188 
D. Lean. Temperature of Pond 3 
• » • i ^ 
K , T _ JL i&Sg i 9>i7 
ET = u.GlCQ.6 
hence Log fKT = 2.0068 or -1.9932 and the re fo re 
T . 5854 _ 5854 
1 " C - Log K'T 19.2722 • 1.9932 
T = 2 7 5 . 9 8 ° absolute and 
T - 273 • 2.98°C 
- kS -
The mean temperature o f the pond between 9/1/68 and 
6/2/68 was t h e r e f o r e £ . 9 i ° C 
..ean late was 23/1/68. 
Results 
Temperature measurements were made i n j ond 3 from 14 September 1966 
u n t i l 16 June 1968. Two e a r l y measurements made i n Ju ly and August I966 
.ere both unsuccessfu l , due t o entry of water i n t o the tubes i n Ju ly 
and l eav ing t h e tubes i n the pond too long i n August, so tha t complete 
invers ion occurred. These were the only d i f f i c u l t i e s encountered and 
ne i the r occurred again . Temperature measurements f o r pond F were 
obtained f o r a shor te r per iod from 28 February I967 u n t i l 3 June 1968. 
Figure 7 shows the seasonal changes i n pond temperature, 3ach 
poin t re^ re ents the mean temperature ca lcula ted f o r the whole pond 
basin at t h e mean late i . e . the date halfway between in t roduc ing and 
removing t he tubes f rom the ^ ond. A curve has been drawn to re^ resent 
the probable temperature change between the poin ts and from the area 
under t h i s curve mean monthly temperatures i n both .jonds were obtained. 
The r e s u l t s are presented i n table 7. Also shown i n t a b l e 7 are the 
mean monthly a i r temperatures, recorded a t Durham Un ive r s i t y Observatory: 
the Observatory stands a t j u s t over 300 f e e t (91 m) above sea l e v e l two 
and a h a l f mi les (4 tan) south west of the study area. 
Both ponds f o l l o w the mean a i r temperature c lose ly , pond 3 p a r t i c u -
l a r l y being w i t h i n 1 C of the mean a i r temperature i n 15 o f the 20 
monthly es t imates . The temperature i n pond F was cons i s ten t ly below 
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t h a t i n . ond 3 and was u s u a l l y s l i g h t l y below the mean a i r temperature. 
The d i f f e r e n c e between the pond temperature and the mean a i r temperature 
i n the same month re shown i n the l a s t two columns of t ab le 7. 
For energy budget c a l c u l t i o n s t o be made over the desired per iod 
(Ju ly 1966 - June 1968 i n c l u s i v e i n jond B and March I967 - May 1968 
i n c l u s i v e i n pond F; the ava i l ab l e temperature data, were s a t i s f a c t o r y 
f o r F but no t f o r J, where no estimates o f mean ^ond temperature were 
ava i l ab le f o r Ju ly , August and ~»e_:tember 1966, and June I968. Ho ever, 
r e l i a b l e estimates of the pond temperature i n these f o u r months can be 
made w i t h very l i t t l e e r r o r from the mean a i r temperature over the same 
per iod . This was ca r r i ed out as f o l l o w s . During the months I-Iay t o 
August (1967 and 1968) .ond 3 //as on average C.94°G warmer than the 
mean a i r temperature, w h i l s t from September to i'.ove...ber (1965 and 1967) 
i t averaged C.15°CJ warmer. The mean ^ond temperature i n Ju ly and 
August 1966 ~,r.d June 1968 were the re fo re found by adding 0.94 C to the 
mean monthly a i r temperature and i n September 1966 by adding C.15°C v i a : 
Ju ly 1966 1 4 . 1 • 0.94°C: = 15.04°C 
August 1966 13.5 + C.94°C = 14.44°C 
September 1966 11.8 + 0.15°C = 11.95°C 
J-une 1968 13.4 + 0 .94°3 = 14.34°C 
These estimated ..ond I temperatures were then u t i l i s e d together w i t h the 
ac tua l measurements f o r a l l other months i n subsequent energy budget 
c a l cu l a t i ons . 
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1 ' 1 
i.ean Ilean monthly pond Pond temperature 
monthly a i r temper . tare minus 
ixonth Year temperature sucrose i n v e r s i o n observatory 
a t method Z temperature 
observatory 
Pond F Pond B Pond F Pond —> 
July 1 4 . 1 
Aug. 13.5 - - - -
^ep. 466 11.8 - - - -
Oct. 9 . 1 9.55 - +0.45 -
Nov. 5.3 6.72 - +1.42 -
Dec. 3.8 3.61 -0.19 
Jan. 3.2 2.82 -0.38 
Feb. 5.0 4 .91 - -0.C9 -
l iar . 6.5 6.17 5.62 -0 .33 -0.88 
r i l 7,3 6.44 6.07 -0.86 -1 .23 
>k 8.7 9.93 8.88 +1.23 +0.18 
June 1967 12.9 13.52 12.49 +0.62 - 0 . 4 1 
July 14.9 15.30 14.15 +0.40 -0.75 
Aug. 14.7 14.72 14.09 +0.02 - 0 . 6 1 
Sep. 12.5 12.31 11.41 -0.19 -1.09 
Oct. 9 .4 8.35 7 .91 -1.05 -1.49 
Nov. 4.7 4.83 4.06 +0.13 -0 .64 
Dec. 3.7 2.86 2.66 -0 .84 -1 .04 
Jan. 3.4 2.84 2.96 -0 .56 -0 .44 
Feb. 1.3 3.17 2.82 +1.87 +1.52 
Mar. 6.2 4.42 -0 .62 -1.78 
A p r i l 1968 7.2 6.99 5.68 - 0 . 2 1 -1 .52 
•^ay 8 .1 10.53 8.89 +2.43 +0.79 
June 13.4 — — 
Table 7. :.ean monthly \ ond temperatures measured by the sucrose 
i n v e r s i o n method and mean monthly a i r temperatures a t 
Durham U n i v e r s i t y Observatory Z\ mi les (4 km)south west 
o f the ponds. 
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D i s c u s s i o n 
Other temperature dependent, i r r e v e r s i b l e chemical react ions have 
been used t o measure f i e l d temperatures i n eco log ica l s tudies e .g . 
I5din,p;ton (1966), but t h i s appears t o be the f i r s t t ime t h a t the sucrose 
inve r s ion method developed by . e r thc t (1960) f o r t e r r e s t r i a l work hr.s 
been appl ied t o aquat ic h a b i t a t s . The method appears t o be h i g h l y 
s a t i s f a c t o r y , p a r t i c u l a r l y since expensive or complex f i e l d recording 
equipment i s not r equ i red . I t i s simple to use and, w i t h enre, gives 
accurate and cons is ten t r e s u l t s . 
easurements tfere made i n order t o ca lcula te energy budgets us ing 
mean monthly temperatures. The data obtained were s a t i s f a c t o r y f o r t h i s 
purpose and a more d e t a i l e d analys is of the temperature changes and s t r a t i f i c a -
t i o n patterns w i t h i n the ponds, though of undoubted i n t e r e s t , was not f e l t 
t o be necessary and could probably not have b;en completed i n the time 
a v a i l a b l e . A number o f simple conclusions can however be made about 
the temperature regimes i n t h e ponds. I t i s c lear t h a t the j onds 
fo l lowed t h e mean a i r temperature c losely and, i n t h i s respect, resembled 
other, small shal low water bodies w i t h a la rge surface area t o volume 
r a t i o Clacan 1963: jglch 1952). Other f ac to r s c l e a r l y i n f luenced temp-
era ture as w e l l . The cons i s t en t l y lower temperature i r pond F may be 
r e l a t ed t o i t s grea ter exposure t o the p r e v a i l i n g winds than pond B and 
also t o i t s greater depth i n r e l t i o n t o surface area. Though not 
analysed i n d e t a i l , i t was apparent t h a t both ponds u s u a l l y showed a 
temperature d i f f e r e n c e between the surface water (tubes a t 6 inches) 
and deeper water (tubes a t 1 f o o t 6 inches ) . The surface water was 
Manner than the deeper water i n summer and colder i n w in t e r , w i t h 
periods o f un i fo rm temperature w i t h de^th i n ear ly sp r ing (Febraar; -
March) and Autumn (October) , These temperature d i f f e r ences were not 
great , but were qu i t e s t ab l e , perhaps due to the t h i c k p l an t growth 
which tended t o prevent mixing of the water (. e l c h 1952). 
A number o f authors have s tudied the e f f e c t s of temperature on 
Cdonata larvae e .g. ..acan and Ilau-lsle:, ( I 9 6 ' ) , F:V eher (1958). .raght 
(1943) r e v i e w the e a r l i e r l i t e r a t u r e . The temperatures p r e v a i l i n g 
i n the study ponds were probably never h igh nor low enough to be a 
d i r e c t cause of m o r t a l i t y i n I :yrrhosoma t nor were they low enough to 
prevent feeding (see chapter 12 ) . 
A few energy f l o w studies have u t i l i s e d approximations to the mean 
a r .ual temperatures , p reva i l ing i n the study area e .g . P h i l l i p s or and 
jjjatson (1965;. The m a j o r i t y o f workers however, have used sane measure 
of the mean monthly temperatures e.g. "Jn;*;lemanri ( I 9 6 I ) , ^enhin ick ( I 9 6 7 ) , 
~>aito (1965, I 9 6 7 ) , ^ rna l l (1967) e t c . , so tha t al though use o f the mean 
monthly temperatures i n the study t.onds i n the present study was probably 
as aecurate as i n any work y e t ca r r i ed out , i t Joes present a number of 
problems. For example, Gol ley and Gentry (1964) considered the poss ible 
e f f e c t s on energy f l o w o f v a r i a t i o n s i n microcli .rn.te w i t h i n d i f f e r e n t 
parts o f t h e h a b i t a t occupied by the ant . o.^onomyrmex, (though t h e i r 
ac tua l measurements f a l l shor t of t h e i r t h e o r e t i c a l approach). I n com-
mon w i t h near ly a l l o ther published work, however, microcl imate l a ta f o r 
the microhabi ta t (see L u f f I966) occupied by I'yrrhosoma was not a v a i l a b l e , 
and indeed, such i n f o r m a t i o n would have been excep t iona l ly d i f f i c u l t t o 
obta in j& r t i c o l a r l y since the p lan t zones occupied by the la rvae 
changed seasonally (see chapter 5 ) . Despite such d i f f i c u l t i e s i t i s 
f e l t t h a t t h e poss ible e f f e c t s on energy f l o w of v a r i a t i o n i n mic ro -
cl imate w i t h i n the h a b i t a t occupied by a species might reAa^ f u r t h e r 
i n v e s t i g a t i o n . I robab ly >nore important and equal ly neglected i n 
eco log ica l energetics s tudies are problems of metabolic a c c l i m a t i s a t i o n . 
ever, since Z - y i T h o s o r a a appears t o be t y p i c a l of those inver tebra tes 
t h a t do not show metabolic a c c l i m a t i s a t i o n (see chapter 1C), these do 
not appear t o a r i s e i n the present study, though i t i s s t i l l poss ible 
t h a t f i e l d temperatures va ry ing about a mean ma^  have qu i te d i f f e r e n t 
metabolic e f f e c t s than the same mean he ld constant i n the l abo ra to ry , 
even wi thou t the added problems of a c c l i m a t i s a t i o n , A great deal of 
basic work remains t o be done i n t h i s f i e l d . 
C lea r ly the i n f l u e n c e of temperature on energy f l o w could be 
extremely complex, but w i t h o u t a great deal more i n f o r m a t i o n than i s a t 
;.resent a v a i l a b l e , the methods employed i n the present study are p ro -
bably as accurate as can be achieved a t t h i s t ime. 
4.3 THE SAMPLING GRIDS 
The two study ;^onds were d iv ided i n t o a number of equa l ly sized 
subdivis ions by means o f marker posts on the banks. 
Pond 
The south side of the pond was designated as s ide 1 and the no r th 
as side 2, and the pond d i v i d e d across f rom side 1 t o side 2 i n t o three 
zones, as shown i n f i g u r e 5. The l eng th of shore on each side i n each 
zone vjas approximately 9m. A smal ler area between zone 3 and the 
narrow channel a t the too o f the pond was designated zone 4 (not l a b e l l e d 
i n f i g u r e 5 ) . Zones 1-3 -'ere then f u r t h e r subdivided i n t o f i v e 1 m 
wide s t r i p s running across the pond and numbered 1-5 i n each zone: zone 
4 ..as d iv ided i n t o two such s t r i p s . 
Each of the seventeen 1 m s t r i p s included the three vegeta t ion 
types iescribed i n sec t ion 4.1 i»e« J uncus a r t i c o l a t u s w i t h jZLeocharis 
and Fotamo^eton on side 1, ?otamor;eton i n the centre and Juncus e f fu sus 
on side 2. 
The surface area o f each zone was:-
Zone 1 22.1 2 
m 
-one 2 27.6 m~ 
Zone 3 28.5 
2 
m 
Zone 4 14.9 2 m 
T o t a l 93.1 2 m 
Pond F 
The sampling g r i d i n F was much simpler than i n 3. The f o u r sides 
were each d iv ided i n t o three equal par ts as shown i n f i g u r e 5 d i v i d i n g 
the pond i n t o nine approximately equal s ized rectangles , only one of 
which had no shore l i n e . 
Pla te 3. The study onds i n June I966. Upper 
photograph: pond 3, l o o k i n g west w i t h 
zone 1 nearest the camera and zone 4 
f u r t h e s t away. Lower photograph: 
pond F, l ook ing n o r t h f rom z on e o • 
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V THE STUDY AREA. 
F i g . 5. The two study ^onds (3 and F) showing morphology 
of t h e i r basins and vegeta t ion t^ges ( sec t ion 
4.1)i the pos i t ions o f the temperature tubes 
( sec t ion 4.2) and the sampling g r ids ( sec t ion 
4 .3 ) . 
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POFULATIQN STmEES PART 1 
(lumbers per nT, mortalit,' and chanres i n l a r v a l d i s t r i b u t i o n ) 
Introduction t o Population studies 
The l a r v a l populations i n jonds 3 and ? were sampled at approximr t e l y 
montlily intervals, except during met nor-hosis and emergence when more 
frecuent observations were ma.de. From these samples information was 
obtained on a number of topics e.g. metamorphosis, emergence and oviposi-
t i o n (chapter 6;, 1 r v a l growth (chapter 7) faeces analysis (chapter 8} 
and f i e l d feeding (chapter 12). 
The present chapter deals with pond 3 only and i s concerned with 
numbers per m~, mortality and changes i n l a r v a l d i s t r i b u t i o n with season. 
Because of the small size of the ponds, a quantitative sampler 
which removed areas of vegetation would rapidly have destroyed the 
habitat; consequently, ( i n both 3 and F) a l l samples were taken with a 
pond net used i n a standard way. A meter s t r i p Mas measured and marked 
on the edge of the pond opposite the point where the sample was to be 
taken. The net was then carefully placed i n the water and sae^ t three 
times (across, back and across) p a r a l l e l to the bank along the same 
path over the measured meter, care being taken to keep the speed of 
movement constant. This consituted one standard net sweep (S.N.S.) A 
5.1 IETHCDS 
The ataidard Net oweep 
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net Mtth a mouth 25 x 30 cm and a 1mm mesh as used throughout the 
study. Axj riments t o t e s t tha a b i l i t y of small larvae to escape 
through the net are described i n section 5.1b. 
The contents of each S.N.S. were immediately emptied into large 
white trays a nd carefully sorted. The numbers of each year class i n 
each S.N.S. ..ere recorded (from t h i s information numbers per m~, and, 
ultimately, mortality rates were calculated). The larvae were then 
pCLaced i n individual tubes of clean water f o r transport to the labora-
tory i>jhere they were measured for growth rate estimates. The faeces 
which they prodaced were either used to estimate f i e l d feeding rate or 
were dissected t o provide information on the main food species. Finally 
the larvae ^ ere fed and returned to the pond at the sampling point where 
they were obtained, always within three days and usually within f o r t y -
eight hours of collection. Zorbet (1957a) was able to return Anax 
larvae within twenty four hours but, because of the additional informa-
tion required, t h i s was not possible i n the present study. I t seems 
unlikely that the population -was appreciably affected by this sampling 
procedure. Mortality of larvae brought into the laboratory was v i r t u a l l y 
non-existent during t h i s time and they appeared to suffer no other i l l -
ef fe cbs. 
5.1b b i l i t y of mall Larvae to Bsca e Through the Net 
Appreciable numbers of small larvae escaping tlirough the meshes of 
the net would have affected the mortality, biomass and growth rate e s t i -
mates. Consequently, laboratory experiments were carried out to examine 
this source of error. 
A known number of small Pyrrhosoma laivae were placed i n an open 
ended glass cylinder 7 x 3 cm which was suspended ve r t i c a l l y i n a large 
beaker of water. A piece of net of 1mm mesh id e n t i c a l to that used i n 
the f i e l d was stretched across the bottom of the cylinder; larvae passing 
through t h i s net were collected i n the beaker. 
Larvae were placed i n the cylinder and l e f t f o r one hour after 
which the number passing through the net of t h e i r own accord was recorded. 
Since t h i s did not simulate use of the net i n the f i e l d , the larvae 'were 
replaced i n the cylinder which was then drawn i n and out of the water f i v e 
times; the numbers passing through the net were again noted. The experi-
ment was repeated several times with larvae of di f f e r e n t sizes. The 
results are presented i n ta l e 8 and show tha.t under simulated f i e l d use 
only a small proportion of instar 4 larvae were able to ^ ass through the 
net; no inst a r 5 larvae fere able t o do so. (Note that the experiment 
with instar 5 was replicated and gave the same result.) However, an 
appreciable number of instar 2 and 3 were able to escape. ( I t i s i n t e r -
esting to note that more inst a r 2 larvae escaped passively through the 
net than passed through i n simulated f i e l d use.) From these data, i t 
was clear that the junior age class could not be sampled ef f e c t i v e l y with 
the particular net size used u n t i l the great majority of them had entered 
at least instar 4; i n the f i e l d t h i s was usually by early September. 
Consequently, the f i r s t standard net sweeps f o r growth, mortality and 
biomass estimates with the junior age class were not made u n t i l after 
thi s late. The p o s s i b i l i t y of using a f i n e r net ( i . e . with a mesh 4> 1mm) 
MAS considered. This would have permitted S.N*S. data t o be obtained 
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throughout development, including the smallest larvae. However, those 
used became so choked with detritus and algae that t h i s was abandoned 
i n favour of the 1 mm mesh which, f o r the majority of the l i f e cycle, 
gave satisfactory results. 
A number of authors have reported similar experiments on the 
a b i l i t y of a variety of insect species to avoid capture by escaping 
through various mesh sizes e.g. Crisp (1959), Jonasson (1955), Hacaa 
(1956b). I t i s clear that results vary widely de-ending on the species, 
particularly for example on whether the head 'width or general body size 
l i m i t s the a b i l i t y of the larvae to escape. I n Fyrrhosoma the l a t t e r 
seems more important. I t i s nevertheless clear that experiments of t h i s 
type should always be carried out i n a. sampling programme involving the 
use of a pond net to capture animals f o r census purposes. 
i.ean 
length 
of 
larvae 
(mm) 
Mean 
head 
width 
(mm) 
Instar n 
/£ passing 
through 
net 
i n 1 hour 
a sain g 
through 
net 
i n 5 dips 
1.30 O.AC 2 18 11.1 66.7 
1.65 0.53 3 26 46.2 15.4 
p a ^  *»j 0.73 4 24 0 4.2 
2.80 0.85 5 15 0 0 
2.80 0.85 5 15 0 0 
Table 8 Ife suits of experiments to test the a b i l i t y of small Fyrr^ >3Qiaa 
larvae to pass through a pond net of 1 mm mesh either of t h e i r 
own accord or i n simulated use of the net. 
5«lc Conversion of . ^ . to Numbers , er nT 
The pond net gave no information on absolute population figures so 
that a conversion factor was required to convert 3.N.S. data to numbers 
2 
per m . The conversion factor Mas obtained by taking quantitative 
samples and standard net sweeps i n close proximity and relating the two. 
To ensure that the talcing of quantitative samples did not disturb the 
results from the adjacent _>.'{..3. and vice versa, the quantitative sampler 
was f i r s t ushed carefully into the substrate to seal o f f an area of the 
pond (see below). The adjacent Z. K.3. was then taken before the con-
tents of the quantitative sampler were determined. 
Quantitative samples were taken with a cylinder 40 cm deep enclosing 
an area of C .142 m . The bottom rim carried three long spikes which 
were pushed f i r m l y i n t o the mud thereby sealing the bottom edge but 
leaving the upper end above the water surface . The contents of the 
cylinder were then systematically dredged out using a pond net with a 
width of 25 cm ( i . e . just over half the cylinder diameter). One dredge 
consisted of a thorough cover of the entire cylinder several times round 
and across with the net and at least f i v e dredgings were made i n each 
sample, after which they were continued u n t i l three consecutive ones 
produced no f u r t h e r z- gOpterar. Larvae of any species. 
Conversion factor data were obtained once from 2 August to 4 August 
1967 and applied t o a l l S.N.S. data i n pond B. The quantitative samples 
and associated standard net sweeps were made on side 1 ./here the vegeta-
t i o n was a Imost v e r t i c a l . On side the tangled a e r i a l stems of 
Juncus effusus were trapped under the cylinder edge so that collection 
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of larvae from within the cylinder was made exceptionally d i f f i c u l t and 
attempts were eventually abandoned. The larger areas of r e l a t i v e l y 
l e vel bottom on side 1 also made the placing of the cylinder much 
easier. The water was too deep to use the cylinder i n the middle 
Potamo.aeton zone: however, the number of larvae here was usually small 
and, though t he structure of the vegetation was rather d i f f e r e n t to 
that at the sides of the pond, the same conversion factor was used. 
The conversion factor was obtained from the senior age class 
(Larvae hatched i n 1966), which .,ere just over a year old and about 
half to thr^e quarters grown at t h i s time, and then applied to a"! 1 
samples regardless of l a r v a l size. 
Results are presented i n table 9 and 1C. The mean number of 
larvae per was 3.5 2-nd the mean number per quantitative sample 
6.1. Since the area of the quantitative sampler was 0.142 m there 
MM G^ 142 o r P:,rrhosoma par m^ . 
The conversion factor to convert numbers per S. 11.3. to numbers 
per m" i s then given by 
3.5 — J 
numbers per m were calculated by multiplying numbers per S.N.S. by 
12.3. 
Obtaining population data for small, weed dwellings aquatic 
organisms i s generally agreed to be d i f f i c u l t (oouthwood 1966 p 158) 
and though the conversion factor method employed i n the present study 
leaves much t o be desired, i t was probably the best method available 
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standard Net J weeps 
i .1. .o • Date Zone number of Pyrrhosoma 
i n sach ^ .:. . 
1 2.8.67 1 6 
2.8.67 1 1 
-.8.67 1 1 
4 2.8.67 2 S 
5 3.8.67 2 6 
6 3.8.67 3 4 
PJ 
/ 2.8.67 q J 1 
8 4.8.67 3 1 
9 4.8.67 4 4 10 4.8.67 4 3 
Total = 35 
Mean number per S.N.S. =3.5 1 
Table 9 Number of Pyrrhosoma larvae captured per J . o n side 1, 
f o r use i n conversion factor estimates. 
Quantitative sampler 
- imple Date Zone ..ua.lxjr of Pyrrhosoma/ 
sample 
1 2.8.67 1 2 
2 2.8.67 1 3 
q -8.67 2 14 
4 2.8.67 2 3 
5 3.8.67 22 5 6 3.8.67 3 11 
7 2.8.67 3 2 
8 4.8.67 3 9 
9 4.8.67 4 6 10 4.8.67 4 6 
Total = 61 
Kean number per sample = 6.1 
Table 10 Kumb_r of Pyrrhosoma larvae captured i n the quantitative 
sampler (area 0.142 m2) on side 1, for use i n conversion 
factor estimates. 
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due to the l i m i t s imposed on sampling by the habitat. A larger pond 
would have permitted the use of a grab or other sampler removing areas 
of vegetation but, even i f a suitable ^arge pond had been available, 
i t might have presented other problems not experienced i n the present 
study. A check on the method employed was possible from a study of the 
number of larvae emerging from pond J and also from population figures 
for Pp rrhosoma obtained by Kacan (1964). Joth 3 i n g e s t that the conver-
sion factor used gave a reasonably accurate picture of the absolute 
changes i'- population density of Pyrrhosoma. (The number of larvae 
emerging f o r the pond i s discussed i n chapter 6, section 6.1c; Lacan 
(1964) i s discussed i n the present chapter, section 5.3.) 
5.Id Attempted 1-^ark-.telease-.tecapture estimates 
An attempt to obtain absolute population figures by mark-release-
recapture was made between 21/3/66 and 28/3/66. A t o t a l of 245 f i n a l 
instars were marked with cellulose dope on the fore-femur but, of these, 
only two were recaptured. Cellulose dope did not bond to the wet cuticle 
and attempts to dry the larvae by keeping them out of the water invariably 
resulted i n t h e i r death, though Corbet (1957a) found that this was 
successful i n the larger Anax. Consequently, attemj ts were made to dry 
the cuticle with f i l t e r paper. This was satisfactory i n the laboratory, 
but obviously attempts to dry the cuticle i n t h i s way under more d i f f i -
cult f i e l d conditions -were leas successful and i t appears that most of 
the marks were quickly l o s t when the larvae were returned to the pond. 
Other marking techniques were t r i e d but were not s u f f i c i e n t l y 
satisfactory t o warrant f i e l d t r i a l s and the experiments were abandoned. 
?« l e dumber and Distribution of ^ am les and Correction for Areas of 
Vegetation |j 
At approximately monthly intervals, three S.N.S. were taken i n 
each of the tree vegetation ty.es (chapter 4, sections 4.1 and 4.3) -
a t o t a l o f nine samples. tne of the fixed f i v e 1 meter st r i p s i n 
each of the zones 1 - 3 were chosen at random arid the nine samples 
for that . onth taken across the pond i n these three 1 meter s t r i p s . 
(Every four months zone 4 was sampled instead of a sample being taken 
i n one of the other £hree zones.) Suppose strips 3, 1 and 4 had been 
selected at randan i n zones 1, 2 and 3 respectively, then the nine 
samples would have been distributed as follows:-
Vegetation Type -.one lm s t r i p 
sampled 
^u: i 1 o J Juneas articulatus with 9 1 
ESleocharis and Potamosetorf o 
J 
4 
. JDD 5 OF FOND 1 3 
PotamoReton (and Potamogeton 2 1 
dth .-;p- r.;o u? coal / vi;;] 3 k 
^IDB 2 1 3 
Juncus effusus 2 1 
3 4 
Once • strip within a zone had been sampled, i t ./as not re sampled 
u n t i l the remaining s t r i p s within that zone had also been u t i l i s e d . 
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I n t h i s way several months elapsed between samples i n the same part of 
the pond and habit? t 'isturba c? as reduced to a minimum. 
Bach of the three vegetation types i i f f e r e d i n area but the same 
number of samples (3) were taken i n each. Consequently, movements of 
larvae from one vegetation type to another would give rise to changing 
numbers caught per 3.K.S. without there being any real change i n the 
t o t a l number of larvae i n the whole pond. Therefore, i n converting 
from ... ata to absolute population figures, the 5.N.S. data ./ere 
corrected f o r area before multiplying by the conversion factor of 12.3 
to obtain numbers per m~. The areas of the three vegetation types 
./ere presented i n chapter 4, section 4.1. The following i s a t y p i c a l 
calculation based on the sample data ^resented i n table 11. 
r t 
of 
pond 
Vegetation 
type 
Zone 
1 
meter 
s t r i p 
Number of 1966 
year class cap-
tured i n each 
ide 1 Juneus articulatus 
with lleocharis 
and Potamoaeton 
1 
3 
3 
2 
o 
H 
7 
23 
3 
Kiddle 
Potamogeton and 
some sparse 
Sleocharis 
1 
2 
3 
3 
2 
2 
49 
34 
3 
Side 2 
Jane us 
effusus 
1 
2 
3 
Q 
J 
O 
2 
26 
23 
21 
Table 11 Typical samples used i n the calculation of 
population figures, October I966. 
Samples 4/10/66, 1966 year class 
Total number caught i n each vegetation type multiplied by i t s area 
was:-
$ide 1 33 x 11.6 = 712.6 
Riddle 86 x 49.2 = 4231.2 
Side 2 70 x 22.3 = 1561. C 
TOTAL 6505.0 
The sum of the above (6505.0) divided by 3, the number of samples i n 
each vegetation type, and by 93.1, the area of the whole ond i n 
square meters, and multiplied by 12.3 the conversion factor gives the 
mean number of 1966 year class larvae per m . 
6506.0 x 12.3 OCJ/ c -1 2 • y ' — = ^ = 286.5 larvae per m 3 x 93.1 
To obtain the t o t a l population density on t h i s date the figure of 286.5 
larvae per m^  v/as added to the result of a similar calculation f o r the 
1965 year class, which was also present. 
4similar correction f o r the areas of the three vegetation types 
was necessary i n the calculations on changes i n l a r v a l d i s t r i b u t i o n 
i t h season (see section 5.2a). 3efore calculating the percentage of 
the t o t a l Pyrrhosoma population i n each of the three vegetation types, 
the results f o r the middle Potamogeton and Potamogeton and £leocharis 
were doubled since t h i s had an area approximately twice that of the 
other vegetation types. (A more precise correction of the type carried 
out for the estimation of numbers per rif vjas not considered necessary.) 
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5 . i f Catches of Junior .p;e JDaa>3 1: a-v o i - . .inhcr 
Once s u f f i c i e n t data had been obtained, i t became apparent that 
the winter net catches were r e f l e c t i n g something other than . Lortality 
i n the junior age class. Table 12 shows the t o t a l number of larvae 
caught i n the nine S.N.S. taken per month. Data from the three year 
:1as asstudied i n pond 3 are presented separ to.y so that equivalent 
l i f e cycle stages can be compared across the table. (A year class i s 
defined by t h e year i n which the larvae hatched - see chapter 2, section 
2.1). 
The number of junior age class larvae i n the 1966, and 1967 ye r 
classes caught i n the nine S.N.S, were high i n the f i r s t autumn, f e l l 
sharply i n liovember but increased again the following June before any 
recruitment i n the t o t a l population occurred. I t i s clear that these 
changes did not r e f l e c t mortality and recruitment but were probably due 
to changes i n the a v a i l a b i l i t y of larvae to the net. 
During the winters of 1966-67 and 1967-68, a large number of 
collection were made i n an attempt to locate these small larvae. Despite 
an intensive s earch of a l l parts of the pond, they were onl? found i n 
the shallow water at the very base of the plant stems on sides 1 and 2. 
In o r d e r t o catch the larvae, the corners of the net had to be pushed 
fir m l y i n t o the bottom of the pond so that a normal sample (S.l .-.) 
•was impossible. The small number of junior age class larvae captured 
i n the normal S.N.S. at t h i s time were probablj isolated individuals 
which f o r some reason had moved rather higher up the vegetation. / i l l 
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the larvae taken from the base of the plants amongst the rootst.cks 
were associated with a f i n e , brovjn, oxygen r i c h , organic detritus. I n 
deeper water (more than 30-40 cm) black, anoxic detritus prevailed and 
larvae were never found. 
..onth 
V' A U i i A V J V J 11 '-J 
1965 1966 1967 Reference points i n 
l i f e cycle 
Sept 
Get 
Nov 
Dec 
Jan 
Feb 
Mar 
April 
Hay 
June 
July 
Aug 
>ept 
Get 
;:ov 
Dec 
Jan 
Feb 
March 
April 
1966 
study started 
1966 
95 
39 
(16)* 
1967 12 
18 
4 
4 
196< 
1967 
189 
32 
5 
8 
1 
14 
C 
1 
55 
114 
92 
118 
41 30 
1968 
34 
19 
27 
1967 114 
54 
3 
1968 
5 
5 
4 
56 
-a 
study ended 1968 
July hatch 
F i r s t winter as junior 
age class 
Larvae become senior 
age class following 
hatch of next 
generation 
/intry to f i n a l instar, 
Second winter as 
senior age class 
metamorphosis followed 
by emergence 
Table 12 Total number of Pyrrhosoma larvae caught i n 9 S.N.S. 
i n each month arranged so that equivalent l i f e cycle 
stages can be compared across the table. 
* sample taken hovemb;r 28th I966. 
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I t i s clear that because of this behaviour, r e l i a b l e population 
estimates could not be made f o r the junior age class between November 
and May using the methods employed i n the present study. Consequently, 
the S.N.o. data obtained f o r the junior age class during t h i s time 
..are omitted from the mortality rate and biomass calculations. (Data 
obtained for the senior age class between hovemb:r and May were not, of 
course, subject to t h i s error and ^ . i . . ^ . data ./ere used to calculate 
population changes for the senior age class during t h i s time.) 
5.2 BBS0L15 
5.2a Changes i n Seasonal Distribution of Fyrrhosoma Larvae i n Fond 3 
The number of larvae caught each month i n each of the three vegeta-
ti o n types were calculated as percentage of the t o t a l monthly catch i n 
9 standard net sweeps (corrected f o r vegetation area - see section 5.1e). 
Data from the three year classes (1965, 1966 and 1967) were very similar 
and were therefore pooled and a mean percentage calculated f o r each 
veget t i o n type each onth. In t h i s "way the percentage of the t o t a l 
l a r v a l Pyrrhosoma population i n each of the three vegetation types each 
month was obtained for a t y p i c a l development cycle. The results are 
presented i n figure 8. 
I t i s clear that marked changes occured i n the d i s t r i b u t i o n of the 
larvae which may be attributed both to movements between vegetation types 
and also t o d i f f e r e n t i a l mortality between vegetation types. For the 
purposes of the present discussion the„ are treated e n t i r e l y as l a r v a l 
movements. 
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The f i r s t J . . samples were taken i n je.ternber, one to two 
months a f t e r the hatch i n July (see section 5.1b). However, samples 
were taken w i t h a f i n e p ankton net f o r growth estimates i n July and 
August nd showed that the majori ty of the larvae occurred i n the 
middle Potnmogetoa zone at th i s time. They './ere therefore s t i l l close 
to the oppos i t i on sites i n the rotamoacton. 
3y September, the junior age class were s t i l l present i n the 
Potamo-eton, though s l i g h t l y less than ha l f were already on side 1 i n 
the Jun cus a r t i c : 1 ~ tus and side 2 i n the June us e f f u s e . 
During C ctober and November, the ?otamof,eton died down and the 
1 rvac moved cat so th i t the niddle of the pond . •• s ieserted qj 
December. The f i r s t / inter was spent i n the Juncus effusus on side 2 
and the Juncus ar t icu la tus on sir^e 1 . The exact locat ion of the 
larvae at t he base of the plant stems at th i s timehhas been discussed 
i n section 5 . I f . 
I n the spring f o l l o . d j i g the f i r s t winter , the proportion of larvae 
increased markedly on side 2 which then remained the most important area 
of the pond. This was accompanied by a decline on s i :e 1. The 
ot?j or.eton was also reoccupied by a small number of larvae which d i s -
appeared again the fo l lowing winter . 
I t i s clear that f o r about s ix months (January - May) each year 
the Fotamogeton ;/as v i r t u a l l y devoid of any Pyrrhosoma larvae of e i ther 
size class. I t i s also aA-parent that the two size classes were usually 
wel l separated i n the pond. There were very few senior age class 
larvae i n the J otamo^eton (about 10 percent) .hen the junior age class 
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hatched; the two age classes overwintered i n very d i f f e r e n t areas of the 
pond and the large larvae then emerged at about the time vjhen the 
junior age class spread in to the Juncus effusus . rhis d i f f e r e n t i a l 
d i s t r i b u t i o n wi t l i z^. 4 ro'.iu)^ .-cl^ e.-"! tc reduce cannibalism by the 
senior age class on the junior age class (chapter 8 ) . 
The unequal d i s t r i bu t ion of larvae i n d i f f e r e n t parts of the pond 
raised the question of whether the population data should have been 
calculated separately f o r the three vegetation types. ~ince Potamoj eton 
was relatively" unimportant f o r most of the year, i t may have been 
possible, f o r example, to eliminate t h i s from the sampling programme 
and to have taken more samples i n the other two areas, (.jouthwood 
1966 p. 17). However, from an ecological energetics point of view, 
i t was obviously more l og i ca l to t rea t the entire pond as a single 
energy f i x i n g and. u t i l i s i n g system of which ryrrhosoma was an in t eg ra l 
part. F ina l population figures were therefore calculated f o r the 
whole .jond as the mean number of larvae per square meter of pond surface. 
Population f igures f o r pond 3 are presented i n table 13 and 
graphically i n f igure 9. The f i r s t population samples -ere taken 
on 4/10/66 and the l a s t on 8/7/66: the I966 year class was therefore 
followed through from shortly a f t e r the hat. h to emergence, wh i l s t 
the 1965 year class was followed during i t s second .year when i t was 
the senior age class and the 196? year class i n i t s f i r s t year when i t 
Mas the j u n i o r age class. The eggs i n ryrrhosoma hatch i n Jul;- and, 
1 
iean Number per m and i .ortal i t /y 
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Sample date Days from Calculated number 
and year class 1st July per square meter 
1965 year class 
4/LO/66 461 104.7 
2/H/66 490 44.2 
28/LL/66 516 20.3 
21/1 ,6 7 570 11.7 
20/ 2/67 600 6.6 
18/ 3/67 626 3.9 
18/ 4/67 657 3.8 
1966 year class 
4AO/66 96 286.5 
12/ 6/67 347 55.4 
1C/ 7/67 375 117.7 
V 8/67 397 101.7 
4 / 9/67 431 138,0 
2A0/67 459 48 .3 
14/H/67 502 35.2 
9 /2 / 68 599 36.6 
25 /3 /68 633 18.4 
22/ 4/68 661 26.3 
1967 3 ear class 
4 /9 /67 66 157-7 
2A0/67 94 77.4 
1 1 / 6/68 346 55.8 
8/ 7/68 373 30.2 
Table 13 Population figures i n pond J expressed as the 
mean number of ^rrhosoma larvae per m 2 . Data 
from table 13 liave been plot ted i n f i g 9. 
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f o r convenience, a l l sample dates have been calculated as days from 
July I s t i n the year i n which the larvae hatched. 
The reasons f o r the lack of data on junior age class larvae 
between Love :b.r and ._y were given' i n section 5 . I f - Data were 
unavailable ror senior age class larvae i n December I966 and 1967 and 
i n January I968 because th ick ice prevented adequate sampling. 
2 
Fig 9 shov<\/5 the number of larvae per m on a log scale p lo t ted 
: . _ - i . t the lata cf sa r^ l i . for the chr s „ea r classes. Despite 
scatter, the points c lear ly f a l l on s traight l i nes , suggesting con-
stant mor ta l i ty rates i n the three year classes. Three regressions 
were calculated. 
1965 gear class y = -G.0062x + 4.63 
r = -0.84 
1966 year class y = -0.00l8x + 2.59 
r = -0.80 
1967 year class y = -0.C012x + 2.10 
r = -0.66 
2 
where y = log (mean number per rn ) 
x = days from 1st July i n year of hatch. 
Although the mor ta l i ty rate w i th in each year class apj jars to be 
constant, there are obvious differences between year classes. Mor ta l i ty 
i n the I965 year class was 99.5 percent per annum but only 77.7 percent 
per annum i n the I966 year class. I t may have been s l i g h t l y lower 
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again (nearer 70 percent) i n the I967 year class but the small number 
of sample points made exact estimation f o r th i s group impossible. 
However, mor ta l i t y rates i n the I966 and I967 year classes were c lear ly 
very s imi lar and were much lower than i n the 196$ year class. 
The l a r v a l density of each year class also varied. There were 
approximately three times as many junior age class larvae shor t ly 
a f t e r the hatch i n the I966 year class as i n the I967 year class. Also, 
the number of senior age class larvae i n the 196$ year class was 
i n i t i a l 13 much higher than i n the I966 year class, but because of the 
d i f f e r e n t i a l mor ta l i ty rates, the number of f i n a l instars emerging i n 
the 196$ year class was only about one-tenth that of the I966 year 
class. 
The poj l a t i o n data alone indicated that the imprict of 1 yrrhosoma 
in the pond ecosystem varied from year to year. This i s discussed 
fur ther i n chapter 14. 
5.2c Causes of morta l i ty 
Y.on Predatory Mor ta l i ty 
Dead, apparently undamaged larvae were taken f a i r l y often i n the 
population samples. Although the cause of death was unknown, starva-
t i o n , bac te r ia l , or vi rus i n f ec t i on are p o s s i b i l i t i e s . 
I n the laboratory, v i r t u a l l y a l l mor ta l i ty took place at the moult, 
usually short ly a f t e r completion, but sometimes immediately p r io r to , 
or i n the process of moulting. ..gain the cause i s obscure though i t i s 
clear that since the moult i s a time of physiological stress, some 
increased mor ta l i ty might be expected i n animals of reduced v i t a l i t y 
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(Clark et a l . 1967). 
I t i s u n l i k e l y tha t te p rature was ever a d i rec t cause of death. 
Larvae survived i n the laboratory f o r several days at 0°C and 25°Z 
without Buffer ing any mor ta l i ty and, on no occasion, was the main water 
mass i n the pond observed to reach these sxtremes of temperature (see 
chapter 4> sect ion 4. • 
. :\: r;. . cvh: \i \ 
Casual observations were made i n pond - on a number of species 
that .;ere known, or suspected, to prey on Fyrrhosoma. These observa-
tions are s urnmarised i n table 14. Column one l i s t s those species 
that were seen to capture ryrrhosoma i n the sor t ing t ray i n the f i e l d 
and the number of observations i s given i n column two. The caddis 
larvr.e ./ere something of a surprise and i t i s not known whether the 
Pyrrh0soma caotured were healthy, already dead or dying. 
Column three shows the res i l t s of labor-tor;" feeding experiments 
carried out wi th two newts, Dytiscus marginalis adults, Aeshna cyanea 
larvae, other ^ y / p t v / ' (]oc:'.-. rio:~ uc l la and Ishnura ele^ansy, 
?7/rrhQsoma i t s e l f m i Jhlorolr, dra v i r id i ss ima. I n a l l cases, Pyrrhosoma 
of a suitable size were offered as the only source of food f o r a 
period of 2-3 days, a f t e r which a l ternat ive prey were provided. Only 
Aeshna and Shlorohydra readi ly took Fyrrhosoma. None of the other 
species took Pyrrhosoiaa but a l l fed act ively when presented wi th 
a l ternat ive foods - . _ (Tri turas ,>alustris y , earthworms (Dytiscus 
marginali s) and Daph.~i~ (the remainder). 
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F o t e n t i a l 
p r e d a t o r 
Seen t o 
cap t u r e 
Pyrrhosoma 
i n f i e l d 
( i n s o r b -
i n g trgys) 
Number 
o f 
obser-
v a t i o n s 
o f 
f i e l d 
Observed 
t o take 
Pyrrhosoma 
i n 
l a b o r a t o r y 
f e e d i n g 
capture experiment 
S i ze o f 
pyrrhosoma 
t aken i n 
l a b o r a t o r y 
o r 
f i e l d 
Zygop-
t e r a n 
remains 
i n 
faeces 
analysed 
Number o f 
observat ions 
o f Zygoptera 
i n faeces 
and number 
of p e l l e t s 
examined 
T r i t u r n s 
p a l u s t r i s 
g r e a t -
c res t ed 
newt 
NO 'NO No, o n l y 
A s e l l u s 
0 i n DO 
T. v u l g a r i s 
smooth newt NO NO 
D y t i s c i d 
l a r v a YES 
F i n a l 
i n s t a r 
and sma l l 
l a r v a 
Dy t i s cus 
m a r g i n a l i s 
a d u l t 
Notonecta 
spp, 
Tr i chop te ra . 
l a r v a e 
(Limne-
p h i l i d a e ) 
Aeshna 
cyanea 
Other 
Zygoptera 
Pyrrhosoma 
nvmrjhula 
( c a n n i b a l : sm) 
Chlorohydra 
v i r i d i s s i m a 
NO 
Y3S 
NO 
Yiv> 
NO 
NO 
YES 
NO 
NO 
NO 
uss 
F i n a l 
i n s t a r 
and sma l l 
l a r v a 
F i n a l 
i n s t a r 
and sma l l 
l a r v a 
F i n a l 
i n s t a r s 
newly 
moul ted 
f i n a l 
i n s t a r 
i n s t a r 2 
TBS 2 i n severa l 100 
Table Ik. Observations on predators o f p^rrhosoma see t e x t f o r f u r t h e r d e t a i l s 
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Tri turus palus t r is faeces were analysed and found to contain 
Asellus remains only. The results of Pyrrhosoma faeces analysis are 
reported i n d e t a i l i n chapter 8. Possible cannibalism as noted 
only tvace i n many hundred of faecal analyses (s-e table 26, chapter 8 ) . 
I t i s clear from these fragmentary observations that Pyrrhosoma 
had a number of predators and that i t was not a to^ car ivore i n pond 3. 
rhe extent or e f f ec t of th i s predation on Pyrrhosoma in the f i e l d 
i s unknown. Ho.-ever, i t i s possible t l v . t part , at least , of the 
very neavy mor ta l i ty observed i n the I965 year class i n the winter of 
1966-67 may be a t t r ibu ted to ^redation by Aeshna cyariea. A number of 
pen'iltimate and f i n a l ins tar Aeshna cyanea larv-ie were present i n pond 
3 i n the winter of 1966-67 and were most frequently taken under the 
" -;• • 1 on side 2 where f i n a l ins tar Pyrrhosoma were also most common. 
Aeshna cyanea larvae however, were en t i r e ly absent i n the fo l lowing 
.•/inter (1967-68) when Pyrrhosoma mor ta l i t y was much lower. 
5.3 DI^sU — i c i ; 
The reasons f o r chosing the par t icu lar sample methods used were 
discussed e a r l i e r . The size of the habi ta t and the f a i l u r e of mark-
release- recapture methods l e f t no other p rac t ica l choice. 
A number of authors have observed changes i n the d i s t r i b u t i o n of 
Cdonata larvae wi th season s imi la r to those i n the present study. 
Macan (I964) provided data f o r Pyrrhosoma. Although exact comparison 
With other studies are d i f f i c u l t because the nature of the various ponds 
and t h e i r vegetation types clearly d i f f e r e d , general comparisons can 
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be made. I.a..ly hatched larvae tend to be COJ centrated near to the 
ovi^ co i t ion sites (ICormondy 1959, i la can I964), but usually disperse 
quite quickly . This was found to be the case i n the .resent study, 
Lovements o f ten occur to a v o i i iinfavourable conditio s, f o r example 
before winter (J or bet 1957a; and toward suita le .argence aites during 
metamorphosis. I t i s ossible that some of the changes i n l a rva l 
d i s t r i bu t ion are also related ':o food supply, larvae ov i ' g awaj from 
areas of low to areas of high prey density and as much may be termed 
. ises ( . 1 
3oth Corbet. (l?57b^ and .a.~- n (I964) rep orted the "disa,.;earance" 
of small Ii rrhosoua larvae i n .-.inter, Kacan suggest: g that the larvae 
"retreat toward the bases of the plant stems at that reason11. I t was 
i n i t i a l l y hoped that by sampling i n a small po d, ..here a inore thorough 
coverage was possible, that th is d i f f i c u l t y night be overcome. The 
present study however simply confirmed t h i s behaviour patterr and 
provided information on the exact area in which the larvae occurred. 
Ha can a.1 so suggested tha t the senior age class showed a s imilar winter 
"disappearance" but th i s was not noticed i n the .resent stud, . This 
was probably because a large number of the larvae studied by Ilacan took 
three years to complete developme; t so tha t i n t h e i r second winter 
they were s t i l l not i n the f i n a l ins ta r , and probably sho ved behaviour 
pat terns vihich resembled the smaller f i r s t winter l a rv -e . 
The disappearance of the junior age class i n • .-.Inter in pond - gave 
r ise to a period of approximately seven months (November to May) 
when no re l i ab le population estimates could be made f o r jun ior _.0e 
class larvae. This s i tuat ion was highly undesirable but unavoidable 
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and any fu ture population work on Pyrrhosoma should be designed t o deal 
wi th population changes during th is time. 
Changes i n ac t iv i ty or behaviour, e i ther seasonally or d iu rna l ly , 
e.g. the winter d i s t r i b u t i o n of small larvae, are bound to influence 
population samples taken -with a standard net sweep. However, there 
was no evidence f o r any other changes l i k e l y to influence the number 
of larvae caught by the net (other than actual changes i n the number 
of larvae themselves) and application of a constant conversion factor 
2 
to obtain numbers : e r m was probably j u s t i f i e d . 1-iacan (1964) demon-
strated a var iable r a t i o between quanti tat ive samples and net catches 
f o r Pyrrhosoma but included both summer and winter catches. Ma can's 
figures were fu r the r complicated by the three year l i f e cycle of some 
of the larvae and are there fore not s t r i c t l y comparable wi th the 
present work. 
There are few published f igures of l a r v a l population density i n 
Odonata. erg and Peterson (1956) used an Bkman bottom sampler i n 
the i r study of Lake Gribs^to obtain population f igures f o r the en t i re 
community, i nc lud ing Odonata. Cordulia aenia (L . ) was the commonest 
2 
anisopteran with a maximum density of just over 200 per m at a depth 
2 
of 1.5 m, and 75 per m at 0.5 m depth. Five species of zygopteran 
were present including Pyrrhosoma; these were grouped and mean zygopteran 
2 2 densities o f 12 per m at 0.5 m depth and 25 per m at 1.5 m depth were 
obtained. This i s much lower than was found i n pond 3 though the 
t o t a l dragonfly density i n Lake Gribs^ i n eluding Cordulia was probably 
greater. ^ther low f igures have been published. Dine en (1953) 
2 
obtained only 10 L ibe l lu l idae (Anisoptera) per m i n a Minnesota 
pond. Unfortunately he did not sample the Coenagriidae which were 
"common". Wang (1964) found only 0.07 A/rrion s|>lendens (Karr) per 
2 
m i n the River Thames but th i s very low f igure i s presumably associated 
wi th a habitat that i s not pa r t i cu la r ly favourable f o r most Odonata 
i n T r i t a i n . Pa l l and Hayne (1952) presented data f o r a l l zygopteran 
1 rv 3 a., t .a t t o r . i of uiree . - 3 _ e. 5] acies a ere not deter-
mined. Peak numbers per rn occurred between July and October (pre-
sumably a f t e r ovi_,osition and hatching) and were very s imilar to the 
f igares obtained f o r Pyrrhosoma i n the present study, ranging between 
p 
jus t over 400 per ni~ i n July and August 1941 to jus t over 100 per m i n 
August and ^ettember 1939. The 'work of I lacan (1964) i n Mods on ! s f arr-
i s the most detai led jublished information on l a r v a l Gdonata populations. 
2 
Estimates of numbers per m were available f o r Py rrhosoraa, ^a-.llaaaa 
cyatliiaerum (Charp) and Lestes s, onsa (I'.ans.). Population densities 
f o r Pyrrhosoma alone ^ere much larger than were obtained i n the aresent 
2 
stud: ..ath, f o r example, over 1,400 newly hatched larvae per m i n 
2 
both Carex and L i t o r e l l a and 450 second summer larvae per m i n Garex. 
clearly the density of l a r v a l Gdonata ,o ulations varies widely, as 
might be expected. From the few published f igures available, the 
numbers found i n pond 3 f o r Pprrhosoma xvould a ear to be intermediate 
between the very high f igures found by ^aican i n Kodson's Tarn and the 
lower zygopteran f igures published by Berg and Peterson i n Lake Gribs^. 
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I t was clear that the population densities of the year classes 
i . e . the i n i t i a l numbers per m , varied from year to year i n pond 3. 
This was fu r the r complicated b;y . d i f f e r en t i a l mor ta l i ty rates between 
the year classes. Hovjever, var ia t ion i n the i n i t i a l size of the year 
classes can probably be a t t r ibuted to the number of eggs l a i d i n the 
OB (. pan 1964}. Prevailing cl imatic conditions during evipos i t ion , 
the area of su i tab le vegetation available fo r oviposi t ion and t e r r i t o r y 
sd i n the male may a l l influence the ultimate size of the new generation. 
The only published estimates f o r l a r v a l mor ta l i ty rates i n Odoi ta 
are those of I lacan (1964 and 1966) i n Hodson's Tarn, though because of 
the three year l i f e cycle shown by some Pyrrhosoma larvae i n the t a rn , 
care i n comparison of the results i s necessary. yrrhosema mor ta l i ty 
rates -.dtliin each year class i n hodson's Tarn were constant, exactly 
as found i n the present study. From Paean (1966a p445 table 7) i t i s 
possible to calculate mortal i ty rates varying between 85 percent per 
annum and 68 percent per annump a mean of approximately 75 percent per 
annum is given bj l.ccan (1964). These f igures are very s imilar t o 
those obtained f o r the I966 and 1967 year classes i n pond 3. Clearly 
both i n the amount of mor ta l i t y and i n the constant rate throughout 
l a r v a l l i f e , Macan1s data f o r Pyrrhosoma resembles that obtained f o r 
Pyrrhosoma i n the ..resent study. 
Despite the obvious l imi t a t ions of the data ..id methods employed, 
i t i s believed that the f i n a l population model set up f o r Pyrrhosoma 
i n pond 3 i s reasonably accurate and i s the best yet available f o r a 
l a r v a l Odonata population. An addit ional check on the accuracy of the 
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f igures i s provided i n the section dealing . / i t h emergence (chapter 6, 
section 6.1c). 
5.4 POPULATION FIGURE USED IN SUBSECUENT ENERGY BUDGET CALCULATIONS 
For energy f low calculations, a population model assuming constant 
mor ta l i ty wi th in a year class was u t i l i s e d . Population f igures ./ere 
calculated on the f i r s t of each month from July 1966 u n t i l July 1968, 
using the three regression equations given i n section 5.2b (p72) f o r 
the 1965, 1966 and 1967 year classes. A l l energy f l ow figures a/ere 
calculated on the basis of these smoothed monthly population estimates 
which are ^resented i n table 15. 
I n table 15, the calculated f i n a l ins t a r f igures f o r 1 June are 
bracketed since by t h i s date approximately 50 percent of-the larvae 
had actual ly emerged (see chapter 6) . Number* i n July f o r the junior 
age class are calculated at the mean hatching date (see chapter 6) and 
not on the 1st of the month. 
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Number per square meter on the 1st 
of the month i n each year class. 
1965 
year class 
1966 
year class 
1967 
year class 
1966 
July 226.4 381.6*1 
Aug. 145.3 344.3 
Sept. 93.3 303.1 
Oct, 60.8 267.8 
: 3 . 39.0 235.7 
Dec. 25.4 208.4 
1967 
Jan. 16.3 183.3 
Feb. 10.5 161.4 
Mar. 7.0 143.8 
r i l 4.5 126.6 
May 2.9 111.8 
June (1.9) 98.5 
July 87.0 119.6 * 2 
Aug. 76.6 114.0 
Sept. 67.4 104.5 
Oct. 59.6 96.1 
T ov . 52.5 88.1 
Dec. 46.4 81.0 
1968 
Jan. 40.S 74.2 
Feb. 35.9 68.0 
- ar. 32.0 62.9 
A p r i l 28.2 57.7 
Kay 24.9 53.0 
June (22.1) 48.6 
July 44.7 
Table 15 Calculated population f igures (numbers per m on the $tirst of 
each month i n the three year classes studied. These f igures 
are the ones u t i l i s e d i n subsequent energy budget calculat ions. 
2 
*1 and *Z numbers per m on the average hatching late 
truly 7th 1966 and July 15th 1967). 
Fig . 8. Seasonal changes i n the d i s t r i b u t i o n of 
Pyrrhosoma larvae throughout development 
i n jond 3, based on the oercentage of 
larvae i n each of the three vegetation 
types. Pooled data from three year 
classes. 
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Chapter 6 
(. cb^.or hosis, Etorjgence and -..e;;roduction. observation on 
j Q X .iabio.) 
This chapter includes observations that were essential f o r a 
detailed calculation of energy flow through Pyrrhosoma popul:tions. 
The problems dealt with are among the most interesting and complex 
encountered i n the general biology of C .Ion at a. «ome of the data 
obtained i n the present study are relevant to these general problems, 
f o r example, the effects of photoperiod and temperature on metamorphosis 
and emergence, or the sex r a t i o of Odonata larvae. However, whilst 
recognising t h e i r importance, discussion on these general aspects of 
odonatan biology has been omitted or dealt with only very b r i e f l y . 
~nly the data essential to the main problem lias been presented. 
6.1 META'IQtPHOSIS. EMERGENCE AKTl GVTPCBITTON 
S.la e tamer, -hosis 
Patterns of metamorphosis were studied i n pond 3 i n 1967 (1965 
year class) and ponds 3 and F i n 1968 (I966 year class). samples were 
taken more frequently than i n the normal, monthly population stady but 
the sampling points were fixed on the usual random basis i n the sampling 
grids. From A p r i l onwards, sampled larvae were assigned to specific 
stages of metamorphosis i n the f i e l d arid returned t o the A.ond immediately. 
The three metamorphosis stages described i n chapter 2 (section 1.6) were 
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u t i l i s e d t hroughout. 
Figure 10 shows the percentage of the senior age class i n each 
stage of metamorphosis from Ikirch u n t i l the s t a r t of emergence i n May. 
. am.lin^ ceased afh r emergence began. 
The patterns .\>ere similar i n a l l cases. i.o larvae entered metamor-
phosis before 20 Ilarch and by the end of March only 20-30 percent of 
the larvae were i n stage 2 metamorphosis. During A p r i l more larvae 
entered t h i s s tage so that by the end of A p r i l , at least 70 percent had 
entered stage 2. I n I-^ ay, events proceeded more rapidly, the majority 
of larvae (90 percent) being i n stage 2 by 10 May and the f i r s t larvae 
entered stage 3 between 10 May and 15 Kay. In 1968 events i n pond F 
suddenly s lowed down a f t e r 15 May but i n pond 3 i n 1967 and 1968 they 
continued rapidly with over 50 percent of the larvae entering stage 3 
metamorphosis shortly aft e r 20 May. The main emergence started i n pond 
3 on 26th Hay 1967 and 23 May 1968, but not u n t i l 28 I lay 1968 i n pond F. 
For the purpose of energy budget calculations, the d i f f e r e n t stages 
of metamorphosis were important. Table 16 shows the s i g n i f i c a n t dates 
during me tan orthosis. 
6.1b "•mergence 
Mergence was studied by collecting exuvia, which i f carried out 
carefully can provide information on a number of aspects of l a r v a l l i f e 
(Corbet 1962). I;; rrhosom oxuvia were usually found low down among the 
Juncus Aeon stems about 1 0 -X cm above the water surface. 
Occasionally they were found much higher and very rarely i n other sites 
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Dates by which Specif ie d Foints were Reached 0 »* . n\ Metamorphosis line rgen ce Adult Reproductive Seqi lence ti Year 
Glass 
Year 
of 
Emergence 
Fond 
50,.' 
enter 
stage 2 
5C£ 
enter 
stag© 3 
1st day 
of 
emergence 
emergence 
S*Jfi# 50 
F i n a l 
day of 
emergence 
F i r s t t F i r s t % 
return return 
to pond to pond 
F a i r i n g 
and laying 
commenced 
Maximum 
oviposition 
a c t i v i t y 
Last ( 
date of 
oviposition 
lu 
***** 
1964 1966 - - 16/5 - about 
9/6 
•''Present a few 
days before 
laying 
2/6 5-6/6 after 
9/6 
• 
1965 1967 3 s 10/4 25/5 26/5 1/6 14/6 7/6 11/6 12/6 13-15/6 before 
28/6 
7 20 
1966 1968 3 17/4 23/5 23/5 30/5 16/6 - - - - 8 25 
1965 1967 F - - 25/5 29/5 14/6 8/6 11/6 12/6 13-15/6 before 
28/6 
6 21 
1966 1968 F 20/4 about 25/5 28/5 1/6 - - - - - - -
Summary of main dates i n metamorphosis, emergence and reprod u c t i 0 n cycles of Pyrrhosoma i n ponds 3 and F. 
See text for d e t a i l s . 
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e«a« o n protruding Fotamogcton leaves close to the bank. The exuvia 
were easily recogri.e retaining the cliaract e r i s t i c shaj e of the 
larva and were considerably more robust than those of other Coenagriidae 
i n the ponds. They could be sexed easily. 
From observation, the -ajorit,,. of larvae emerged before mid-day, a 
fact noted by Lucus (1930] - 1 ;or ^ t (1952). Consequentially, a l l 
exuvium collections were made i n the afternoon mostly between 16.00 and 
19.00 h (3.3. T.). In order to f a c i l i t a t e collections, the thickest 
Juncus effusus clumps i n 3 and F were either cut down or tliinned a few 
days before emergence started. The large size o f pond 3 meant that 
only sones 2 and 3 were searched; whereas the whole of pond F was covered. 
The date of f i r s t emergence was studied i n Pond 3 i n 1966 (1964 
year class) and pond F i n 1968 (I966 year class). I n both cases the 
ponds were v i s i t e d each day f o r one week before the expected emergence 
date. rffoen the f i r s t exuvia were noted, detailed studies ceased. 
..ore detailed studies were made i n ponds 3 and F i n 1967 (1965 year 
class) and pond B i n 1968 (I966 year class). I n these cases, exhaustive 
collections of exuvia were made daily within the areas defined so that 
t o t a l emergence figures were obtained over the complete emergence 
cycles. Observations were continued f o r several lays following the 
discovery o f the l a s t exuvia to ensure that emergence was actually 
finished. 
Fig 11 shows the results of the detailed daily emergence studies; 
table 16 shows dates of significance i n the emergence cycles. 
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The t o t a l number of larvae emerging each day i n the detailed 
emergence studies were:-
Fond B 1967 (zones 2 and 3) 70 £ 68 ? 6 unsexedj TOTAL 144 
Pond B 1968 (zones 2 and 3) ':.G6 t 3&3 % 25 unsexed; TOTAL- 814 
Pond F 1967 (whole pond) 75 Z 74 ¥ 14 unsexed; TOTAL 163 
(.uhen the sex was undetermined, the exuvium was either l o s t or damaged 
before i t could be sexed.) 
Fig 11 shows that a small number of larvae emerged i n _,ond 3 between 
16/5/68 and 2 2/5/68; this clearly represents an early emergence by an 
small group o f larvae (19 i n a t o t a l of 814 or about 2 percent) out of 
phase with t h e rest of the population. The phenomenon was not apparent 
i n either 3 or F i n I967 nor i n Hodson!s Tarn (Macan 1964). Since the 
emergence i n 3 i n 1968 was extremely large, i t i s possible that t h i s 
phenomenon i s t y p i c a l of Pyrrhoooma but was over looked i n the other 
cases because of the smaller numbers involved. Alternatively and 
perhaps more l i k e l y , these larvae may represent a small percentage 
of the population i n which emergence had been affected by the sampling 
programme, p r t i c u l a r l y by being brou^jit into the laboratory i n February 
and March. They ere therefore omitted from the data on emergence, 
which was assumed to have started on 23/5/68 i n pond B. 
A useful s t a t i s t i c i n comparing the amount of synchronisation shown 
by a population at emergence i s the number of days elapsing between the 
sta r t of emergence and the date by which 50 percent of the emergence has 
taken place - the 5.H.50 point (Corbet 1962). The dates by which 50 
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percent of the larvae had emerged are shown i n table 1 6 , together with 
the number of days from the st a r t of emergence to the E.M.50 point. 
This was reached after 6-8 days emergence i n +yrrhosoma i n a t o t a l 
emergence ci cle of :0-25 days. 
6 . l.c Use o f mTier/;,m'ce Data to JhccV i o, ul ation Figures i n POftd 3 
A complete collection of exuvia was made within a defined area of 
pond E (zones 2 and 3) and i t was therefore possible to calculate the 
9 
number of adults emerging per I IT of pond surface and hence obtain a 
completely independent check on the population data presented i n chapter 5. 
From the regression equations given i n section 5 . 2 b , the number of 
2 
f i n a l i n stars per m at the st a r t of the annual emergence was calculated. 
Calculated number of 1965 year class psr m on 26 /5 /67 = 2 . 1 
Calculated number of 1966 year class per m on 23 /5 /68 = 22 .7 
Then, the t o t a l area of zones 2 and 3 was 5 6 . 1 m (see chapter 4> section 
-r. J J -
o 
Total emergence 2$ /5 /67 to 14 /6 /67 from zones 2 and 3 = 144 or 2 .6 per m . 
9 
Total emergence 1 6 / 5 / 6 8 to 16 /6/68 from zones 2 and 3 = 814 or 14 .5 per m . 
2 
Therefore i n 1967 2 .6 admits emerged per m compared with an estimated 
2 
number of f i n a l i, stars present at the s t a r t of emergence of 2 . 1 per rn . 
The number emerging was therefore "3 .8 percent more than the estimated 
2 
number present. I n 1968, 14 .5 adults emerged per m compared with an 
estimated number of f i n a l instars present at the start of emergence of 
2 
22.7 per m . The number emerging was therefore 3 4 . 1 percent less than 
the estimated number present* 
Errors of _+3C percent are not infrequent i n population studies. 
Also the two estimated of population density based on the emergence 
data l i e as close to the calculated regression lines shown i n f i g 9 as 
many of the sample points on which the lines are based. The task of 
finding exuvia was d i f f i c u l t and only part ( j u s t over ha l f ) of the pond 
was searched. I n view of these facts, the agreement between the 
estimates based on the mortality rate regressions from standard net 
sweep data, and those based on exuvium counts i s considered reasonable. 
ecause the agression lines were based on a series of points, the 
2 
population o f f i n a l ins tars per nT at emergence was calculated from 
the regression equations and not from the exuvium counts. 
c.ld Cvi. ositLon and I-Iatchlng 
To determine the data on which Fyrrhocoma returned to the _ond 
after emergence and the approximate peak egg laying period, observations 
were made on pond 3 i n I96S and ponds 3 and F i n 1967. 
Preliminary laboratory studies on the effects of temperature on 
egg development "were carried out. feekly samples were taken i n the 
study ponds with a fine plankton net, near the expected hatching iates 
to determine the date on which instar 2 larvae f i r s t ;ared i n the 
pond. 
Tables 1 6 summarises the dates on which adult Pyrrhosoma returned to 
the ponds, paired and layed eggs, i n I 9 6 6 and I 9 6 7 . 
In both years, the f i r s t adults to return to the ponds were males 
approximately two weeks af t e r the s t a r t of emergence. Peak oviposition 
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a c t i v i t y occurred three weeks after the st a r t of emergence and, i n 1967, 
two to three weeks after the period of peak emergence. Adults were 
present at the study ponds fo r a period of about three weeks, whilst 
a l l oviposition was re s t r i c t e d to a period of about two weeks. 
I n July 1 9 6 6 , pairs i n tandem were observed ovipositing i n the 
leaves and stems of Potamogeton and - Ranunculus flam:. ! 1. i n the 
m rsh complex. The plants containing the eggs were collected immediately 
after laying and transported to the laboratory here they were placed 
i n small tmks of f i l t e r e d pond water i n 1C, 15 and 2C°C constant tem-
': rature rooms. Sxcept i n the 10°C C.T.R., the eggs experienced natural 
photoperiod. 
From a t o t a l of 13, only 5 batches of eggs ere successfully hatched. 
I one hatched at 10°G either because the temperature was too low or 
because the eggs experienced continuous d u l l illumination only. 2 
batches hatched and 3 f a i l e d to hatch at 15°C, and 3 hatched and 2 
f a i l e d to hatch at 20°C. The eggs were examined every day and newly 
"• - ' 7. rv- j ore removed as the: _ _e red. The data obtained are 
shown i n table 17. 
Development time at any one temperature was remarkably constant and 
the effect of temperature pronounced. Very few studies have been made, 
under controlled conditions, of the duration of the egg stage i n Odonata. 
The results were summarised by Corbet (1962) and are very- similar to 
those obtained for Pyrrhcsema i n the present study. 
On the basis of these laboratory data, weekly samples with a fine 
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re iperature 
Days from 
laying t o 
f i r s t hi tch 
Number of days 
for which hatching 
continued 
Days from laying 
vjhen maximum 
number hatched 
15°C 44 2 44 
15°C 43 2 44 
ao°c 21 3 2 1 
2G°C 2 1 4 23 
20°C 2~ 6 23 
gable 17 Effect of temperature on egg development time i n 
pyrrhosoma. 
plankton n et were started approximately three weeks after oviposition 
was f i r s t observed, thereby permitting determination of the hatching 
date i n the f i e l d . 
Pond B 1966 No newly hatched larvae ..ere present on 3 0 / 6 / 6 6 , 24 days 
after maximum oviposition a c t i v i t y , but a week l a t e r , on 7 / 7 / 6 6 , newly 
hatched instar 2 larvae ./ere abundant i n the Potato; ;e ton. 
Ponds 3 and F 1967 ho newly hatched larvae v/ere present on 30 /6 /67 or 
6 /7 /67 but they were abundant on 15 /7 /67 i n the i-otamo;~eton i n both 
ponds. 
The dates on which instar 2 larvae were f i r s t found were just over 
30 da^s a f t e r the maximum oviposition a c t i v i t y i n the two ponds, suggest-
ing a surface water temperature of between 15 and 20 C over t h i s period. 
This agrees closely with the sucrose inversion measurements of pond 
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temperature made i n 1967$ (chapter 4 ) . 
6.2 DLiCli^IQN ON METAMORPHOSIS, j^ERGGLCE AND HEPHQDUCTICffl oTUDIES 
] Mrbet 0957b) observed the incidence of metamorphosis i n Py rrhosoma 
larvae from three habitats, but did not distinguish between the 
metamorphosis stages. hone of the populations studied shoved any 
metamorphosis before 1 March, but by the end of that month between 60 
and 80 percent of the larvae had entered metamorphosis and the entire 
f i n a l instar population had done so by the end of A p r i l . The i n c i -
dence of metamorphosis was obviously s l i g h t l y i n advance of that at 
Srasside, but the general picture was very similar. 
Jorbet ( 1957a) studied the metamorphosis stages passed throttgfi by 
Anax larvae i n a manner similar to the present study. The t o t a l time 
spent i n metamorphosis was approximately 45 days, rather less than 
the time i n ryrrhosoma. Jorbet also showed that within the population 
there was a small percentage of larvae that entered metamorphosis l a t e , 
at a time vjhen the majority of the population ./ere ready to emerge. I n 
a l l probability, these were precocious one year old larvae that moulted 
to the f i n a l instar i n spring, though slowly growing two year old 
larvae might produce a similar effect. During the present study-, 
l a r v a l growth was extremely well synchronised (see chapter 7); l a t e , 
poorly synchronised metamorphosis by a small grou. of >:rrhosgma larvae 
did not occur. This had important consequences f o r the synchronisation 
of emergence, oviposition and the hatch of the new generation. 
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I n Anax i rape r a t or. the "classical" s ^ r i . w 3e species, 50 
percent of the annual emergence occurred i n the f i r s t 3 days of a 50 
day emergence period (Corbet 1957a}. I n ly rrhosoma, the ^ Q points 
occurred 6 t o 8 days after the st a r t of emergence, i n emergence periods 
of just over 20 da„s. Emergence i n Pyrrhosoma was therefore less 
explosive than i n .^nax: t h i s i s confinr;ed by i-lacan1 s (19o4) data on the 
emergence of Pyrrhosoma i n Lodson's Tarn, and also by Corbet ( 1 9 5 2 ) , 
I t i s p a r t i c u l a r l y noticable that the emergence curves obtained by Macan 
(1964) and i n the present study, though s t i l l ..ositively skewed are 
much less so than the extremely skewed distributions found i n Anax. 
Nevertheless, compared with a typi c a l summer emergence species such as 
..eshr.a cyanea, with an E.M #JQ point reached a f t e r 25 days (..». Corbet 
1959) 1 emergence i n Pyrrhosorna i s s t i l l extremely 'well synchronised. 
I n one respect however, emergence of Pyrrhosoma at Jrasside was 
better synchronised than i n .^ nax. Characteristic of the Anax emergence 
curve (and also present i n the spring emergence species Tetragoneuria 
cynosura (-£.„) studied by ICormondy 1959) was a long t a i l i n which a 
small number of larvae continued to emerge f o r several weeks af t e r the 
main emergence was over, and which sometimes gave rise to a second very 
small emergence peak. o^me populations of Pyrrhosoma obviously showed 
th i s phenomenon too (Corbet 1952, 1957b) , but i t was conspicuously 
absent i n the , yrrhosoma populations studied at _rassi-Je. The t a i l and 
second small emergence peak appear to be produced by larvae that moult 
to the f i n a l instar i n spring, enter metamorphosis la t e (see above) and 
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emerge essentially as summer species (Corbet 1962). oince larvae 
showing t h i s l a t e moult to the f i n a l instar were absent from the pop-
ulations i n £ ends 3 and F, the aosei.ee of the t a i l at emergence i s 
readily explicable. 
Corbet (1952) showed that the pattern of oviposition i n rrhos oma, 
although ^displaced by approximately two weeks, followed that of the 
emergence curve very closely. A similar maturation period between 
emergence a nd oviposition of approximately two weeks Mas confirmed i n 
the present study. However, because of the lack of a t a i l on the 
emergence curve, the period over which mature adults were present at 
Brass ide appears to have been shorter than i n the rrhos oma population 
studied by Corbet (1952). 
Preliminary' laboratory studies showed that egg hatching i n Pyrrhosoma 
was i t s e l f w e l l synchronised. 
I t i s clear from the above that _ .rval recruitment i n the study 
ponds took place over a comparatively restricted period of probably not 
more than three weeks. The majority o f young larvae probably hatched 
within an even shorter period. This had important consequences f o r the 
study o f growth rates i n the f i e l d which, because t h i s remarkable 
synchronisation persisted throughout l a r v a l l i f e , could be estimated 
with very g reat accuracy. 
6.3 5EIEATI0 
y rrhos oma larvae could be sexed from about instar 8 or 9 (length 
6-7 mm); before t h i s , from about instar 5 or 6 (length c.3 mm), signs 
of the gonapophyses are present on the 9th abdominal segment but these 
a l l resemble those of the male. Drawings of the gonapophyses and 
cercoids o f male and female ryrrhosoma .Larvae are shown by i ardner and 
x ' e i l l 0-95O). 
3ex r a t i o data were collected before i t became apparent t?iat there 
was l i t t l e or no difference between the energy balance of the sexes. 
The s l i g h t t endency f o r female f i n a l instars to be heavier than males 
was discussed i n chapter 2. 
The results, obtained from p O i u l a t i o n samples i n both ponds 3 and 
F, are presenter1 i n table 18. On 1„ those samples where n > 2C have 
been included. There i s a clear, i f s l i g h t , excess of males i n the 
populations o f both ponds, i n three dif f e r e n t year classes, 'with only 
occasional s arales s owing an excess oT females. A number of observa-
tions suggested that occasionally groups of larvae of v i r t u a l l y a l l one 
sex were found i n parts of the ponds: no detailed studies of t h i s 
phenomenon were made but i t might repay further investigation. 
Cnce i t became apparent that the sexes did not d i f f e r in t h e i r 
energy requirements, the sex r a t i o data were not required i n subsepuent 
energy budget calculations. 'They are presented because this appears 
to be the f i r s t time that a l a r v a l Cdonata population lias been regularly 
sampled i n t h i s way to provide information on the sex r a t i o , thoujh a 
numbsr of wsrkers ( e . w . Jorbet 1967-a, 3ormondy 1959) have obtained 
ratios at emergence from exuvial collections of Anisoptera. I t i s 
also the f i r s t detailed data to be obtained for _pgoptera. 
I n a l l Anisoptera studied, there appears to l i e a s l i g h t excess of 
femalesi w i t h males forming between /,! and A-9 percent of the population 
CCorbet 1962). Joh. son (1963] has iiscussed the sig _:' • ce of this 
imbalance. I n a preliminary 3 vestigation of fyrrhosoma, Corbet (1952, 
1962) found an excess of males at emergence, a result confirmed i n the 
present study. I f E^rr su>na i s t y p i c a l of the Sygoptera as a whole, 
then the sex r a t i o imbalance would appear to be the reverse of that 
found i n the Anisoptera. 
Lne p o s s i b i l i t y not examined i n the discussion on Odonata sex ratios 
i s the suggestion by7 ICLomp (19 Si J that i n many insects, the homogametic 
sex i s generally at an advantage when the population i s high and i n t r a -
specific competition increases. In Odonata, the homogametic sex 
appears to be the female and i t would be interesting to examine sex 
ratios within one species at widely varying l a r v a l densities* 
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1964 .year glass pond jj 
a/3/66 - 28/3/66 
19 6; ^ i - •" iss , 'pnd _ 
31/ 7/66 
1/ 9/66 
2 / 9/66 
4AO/66 
2 /11/ 6 
26/11/66 
20/ 2/67 
Jmer^er.ce 
L ^ l ; •-. c l 3." .-oi'd -
1 / 8/67 
4 / 9/67 
2 A O A 7 
13/11/67 
" - A - / - 7 
12/L2/67 
15 / 1/66 
9 / 2/68 
25/ 3/68 
- - A / 6 8 
14/ 5/6S 
Emergence 
i : !/• . - r cIU' 55 ond F 
3mergence only 
1966 year class ond ? 
5 / 9/67 
3AO/67 
16AO/67 
. 11/11/67 
l8/a/67 
16 / 1/68 
18/ 2/68 
26/ 3/>8 
22 / 4/68 
Number of T o t a l % ?$ 
$ ? popula t i 
126 119 245 48,6 
21 29 50 58.0 
19 16 35 45 .6 
10 15 25 60.0 
19 22 53.7 
19 20 39 51.3 
20 8 28 28.6 
12 10 22 45.5 
12 8 20 40.0 
70 68 138 49.3 
27 25 54 46.3 
32 23 55 41.8 
22 19 46.3 
14 21 35 60.0 
17 10 27 37.0 
19 16 35 45.7 
16 12 28 42.9 
19 18 37 48.7 
13 15 28 53.6 
15 18 33 54.6 
20 12 32 37.5 
406 383 789 48.5 
75 74 149 49.7 
29 29 58 50.0 
37 22 59 37.3 
26 23 49 46.9 
14 8 22 36.4 
19 14 33 42.4 
12 9 21 4^.9 
15 16 31 51.6 
i : 17 30 56.7 
20 14 34 41.2 
14 15 29 51.7 
Table 18 j e x r a t i o o f F:; rrhosona i n ponds B and F. 
Pig . 1C. The pa t t e rn o f metamorphosis i n f i n a l ins t a r 
1 rrhosoma larvae i n pond (2-967 and 1968) 
and Tond 7 (1968). I Metamorphosis stages 
are described i n chapter 2, sec t ion £ . 6 . 
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PERCENTAGE O F LARVAE I N E A C H STAGE 
g. 1 1 . The p a t t e r n of d a i l y emergence i n _.ond 3 (1967 
\nd 1968) and pond F (1967). The f i g u r e s are 
f o r t o t 1 d a i l y emergence of I";, rrhosoma i n 
pond F, and d a i l y emergence from zones 2 and 3 
i n pond 3, based on counts of exuvia . 
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S E E TEXT FOR D E T A I L S 
OF PARTS OF PONDS 
STUDIED FOR E M E R G E N C E 
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i m i i - L . 
5 10 
JUNE 
15 20 25 30 1 5 10 
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15 20 
DATE 
J i r.,tar 7 
7.1 F I A L D GRC .Til J ,.i7,;j 
7*1:- Metho Is 
The w e l l synchronised emergence, f o l i o ed by an equal ly 
r e s t r i c t e d o v i p o s i t i o n pe r iod i n I-yrrhosoma meant t h a t the 
annual hatch occurred 'wi th in a comparatively shor t space of t i m e . 
This resulted i n a w e l l def ined cohort , or ,< ear class, e a s i l y 
recognisable u n t i l the la rvae emerged two years l a t e r . A l i f e 
h i s t o r y o f t h i s type provided except ional oppor tun i ty t o measure 
growth ra tes i r . the f i e l d . 
l a rvae //ere t ranspor ted to the l abora to ry and measured a 
soon as possible a f t e r c o l l e c t i o n , f o l l o w i n g the procedure out-lined 
i n chapter £ , sec t ion 2.3. The exception as i n A p r i l :.nd May 
.-/hen f i n a l i ns ta rs were measured i n the f i e l d w i t h c a l l i p e r s and 
returned t o t h e pond immediately. 
The s a b l e s used i n ob ta in ing popula t ion estimates ..ere also 
used to | rov ide growth data . Nine samples were ava i l ab le each 
month, three i n each of the three vege ta t ion ty es . ..here the 
number o f 1 arvae captured per was h igh , only the f i r s t 10 
from each sample were broupht back t o the labor t o r y t o be measured. 
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During t h e win te r , very few small l a rvae //ere usua l ly obtained 
in the n ine s.eeps (see chapter 3, t ab l e 12) and a d d i t i o n a l 
random sweeps v/ere taken: these ext ra samples were used f o r 
5rowth e s t imate only and <.;ere n .v r u t i l i s e d i n the _ o u l a t i o n 
date. - e v l : hatched la rvae i n July and August were able t o 
pass through t he 1mm mesh of the net used f o r Standard Net 
_ reeps (See chapter 5* Section 5.1b). Consequents! y , u n t i l 
Jeotetober, growth of t h e newly hatched j u n i o r ge c l i s as 
estimated from samples taken wi th a f i n e planlcton ne t . 
I rowth data were obtained i n pond 3 f rom J u l y 1966 u n t i l 
i l y 1968. The 1966 year c lass was therefore followed for t h e 
whole of t h e i r development; the 1965 year class dur ing i t s second 
year and t h e 3.967 year class from hatching u n t i l the end of 
t h e i r f i r s t year . 
PondF 
The methods used .;ere ?s described f o r pond B« Three samples 
ere taker e ach month, the sampling o in t s being selected a t 
random from the nine rectangles i n t o which F was d iv ided by the 
sampling g r i d . 
Growth data i n pond F were obtained between February 1967 and 
Maj 1^68. The I966 year class v/ere t he re fo re fo l l owed from the 
end of t h e i r f i r s t w i n t e r u n t i l emergence i nd the I967 year class 
from hatching i n J u l y u n t i l the end o f F rua ry -.968. com-
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birdng the end o f the 1967 year class data w i t h the beginning 
o f the I966 year class data, cor, l a t e growth curve was obtained 
f o r l a rvae i n pond F, which provided a u s e f u l comparison w i t h 
data from pond 3. 
.e s u i t s 
Figures 12 and 13 show the growth curves obtained i n ponds 3 
and F where t h e mean lengths of the larvae i n mm are p l o t t e d 
against the data of c o l l e c t i o n . A H means are based on samples 
of at l eas t 10 l a rvae and the m a j o r i t y of poin ts are basec1 on 
samples o f 20-40 larvae each: +2 s tar : lard e r ro r s o f t h e mean arc 
shown. i i oo thed curves have been f i t t e d by eye through the 
points n d r e q u i r e l i t t l e explanat ion except dur ing the f i r s t 
v/inter (November - May) i n each ye r c lass , the per iod when the 
j u n i o r age class larvae were most d i f f i c u l t t o ob ta in (see chapter 
5, sect ion 5 . I f ; . 
I n pond ?, 31a . l l larvae . ere more r e a d i l y a v a i l a l e dur ing 
the w in t e r t h a n i n ^ond 3 and the data obtained f o r the 19&7 year 
cl?.ss showed t h a t no detectable growth occurred dur ing the w i n t e r , 
a t l e a s t u n t i l the end of February (see f i g u r e 13) . The I966 
year class showed signs o f a very s l i g h t increase i n l eng th i n 
March and A p r i l but t h i s d i d no t become s i g n i f i c a n t u n t i l May* 
The less s a t i s f a c t o r y data f o r _ond 3 ( f i g u r e 12) nevertheless 
suggested a s i m i l a r growth pa t t e rn dur ing the f i r s t win te r ; t h ugh 
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the sample po in ts shown i n f i g u r e 12 tended t o be more s c a t t e r e d 
A number o f .. ample s were also nva i l ab le uiiere n 10 and which 
were t he re fo re not shown i n f i g u r e 12; by combining these w i t h 
the sample p o i n t s i n f i g u r e 12 and by a suming t h a t no growth 
occurred i n t he smal l la rvae betv/een Kovember and Inarch, a 
l a rge sample was ava i l ab l e from which the , ,c,m l a r v a l l ength over 
the f i r s t w i n t e r could be ca l cu la t ed . This was c a r r i e d out 
se] a r c t e ly f o r t he t:vo .dnters 1966-67 and 1967-68; the r e su l t s 
were as f o l l o ^ s . 
2.11.66 t o 18.3.67 - an l eng th 3.'i-3 mm + 0.16 (n = 74) 
i 4 . l l . 6 7 t o 25.3.68 Mean length 3.44 mm + 0.20 (n = 69) 
( two standard e r rors shown) 
The mean l e n g t h s i n the two win te r s i n pond 3 were c l e a r l y i d e n t i c a l 
and both were ve ry s i m i l a r t o the mean sizes of la rvae i n pond F 
over the same per iod (approx. 3«4 WD from the curve drawn by eye 
to the data on F ) . letween the dates given the growth curve was 
drawn using the two calcula ted means, wii ich f i t w e l l wi th the 
points on e i t h e r s ide o f t h i s per iod . 
Although the j u n i o r .ge class appeared t o show no detectable 
growth dur ing the w i n t e r , the sen ior age class ( cons i s t i ng e n t i r e l y 
o f f i n a l i n s t a r s - see below) d i d increase s l i g h t l y i n l eng th over 
the same per iod . 
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The smal l standard er rors on most o f the data show how e l l 
growth -was synchronised throughout l i f e . I'o evidence was found 
f o r i s o l a t e d l a rvae completing ievelopment i n one year, or ex ten-
ding development over three years and no larvae ere found t h a t 
had mouted t o the f i n a l i n s t a r i n spr ing p r i o r t o emergence. 
I .ou l t t o F i n a l I n s t r 
The percentage o f the senior age class i n t h e f i n a l i n s t a r 
i s shown i n t ab le 19 . The data \ jere again obtained f rom the 
monthly popula t ion samples. 
Date of sample n Percentage of senior age 
class i n f i n a l i n s t a r 
Fond 3 1965 year class 
1/9/66 41 0 
4/10/66 40 85 
2/11/66 28 10c 
Pond B I966 year class 
4/9/67 55 0 
2/10/67 4L 78 
U / O / 6 7 35 100 
Pond F 1966 year class 
5/9/67 59 0 
3/LO/67 49 76 
11/11/67 33 100 
Table 19 Percentage o f senior age class i n f i n a l i n s t a r 
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The / e l l synchronised growth o f the larvae i s r e f l e c t e d i n the 
mool t t o the f i n a l i n s t a r , over 75 percent doing so w i t h i n one month 
( : _ t e r b e r ) . Tlie v/hole cohort i n each year had entered the f i n a l 
i n s t a r by Move^h.r and no penultimate i n s t a r s aero taken b r ^ i t e 
extensive sampling f o r the r e s t of the w i n t e r . 
7.2 GRDJTH RXPRBS ED A. ET EIGHT, DR7 EIGHT AI D CALOREFIC VAIOTS 
From the smoothed growth curves, the mean lengths of the larvae 
on the 1st o^ each month vere obtained. Using the equations adven 
i n chapter 2, sec t ion 2 .3j these : r ere converted t o mean wet weights 
(which i ere used t o caJ cula te populat ion r e s p i r a t i o n ra/tes) and to 
mean dry -eights: f i n a l l y , the dry weights were converted to ca lo r i e s 
f rom the i n f o r m a t i o n given i n chapter 3. These data are presented i n 
tables 20-23, which requ i re explanat ion on a number o f p o i n t s . 
I n the column headings, the " l i s t o f the month" has been used f o r 
convenience because, i n most cases, i t does indeed denote t h i s . However, 
a t the hatch of the j u n i o r age class i n Ju ly i t denotes the mean l e n g t h , 
j e t weight e t c . on the date o f hatching (7/7/66 and 15/7/67). During 
metamorphosis i n A p r i l and May, d i v i s i o n s shor te r than one month //ere 
accessary and the "la-t o f the month11 denotes the 1 "eight e tc . a t the 
•wart o f these sho r t e r t ime i n t e r v a l s . 
D i f f e r e n t regressions . ere used t o ca lcu la te f i n a l and n o n - f i n a l 
i n s t a r weights . Therefore the smoothed mean popu la t ion length could not 
be used t o ca l cu la t e mean l a r v a l weights i n October, when only pa r t o f the 
senior age class were i n the f i n a l i n s t a r (see t ab le 19) . I n October, 
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mean lengths o f f i n a l and n o n - f i n a l i n s t a r s ( the l a t t e r were most ly 
penult imate i n s t a r s ) were both reca lcu la ted separately f rom the ^ o v -
u l a t i o n da ta , and used t o ca lcu la te mean weights o f both groups using 
the appropr ia te regress ion. The separately ca lcu la ted wet and dry 
weights were then pooled according t o the percentage o f f i n a l i n s t a r s 
i n the popu la t ion . 
Ca lcu la t ion o f data dur ing metamorphosis ./as more complicated. 
I-iean lengths were no t ca lcu la ted , s ince the r e l a t i o n s h i p between l e n g t h 
and wet weigh t ./as not loiown f o r metamorphosing l a rvae . an wet 
weights .ere not requi red since re sp i ra to ry data was obtained f o r 
la rvae i n ' d i f f e r e n t stages o f metamorphosis and could be app l i ed 
d i r e c t l y to f i e l d populat ions (c apter 1 0 ) . 
Growth l u r i n g metamorphosi. ..as ca lcu la ted as f o l l o w s : 
The dates on which 50 percent o f the larvae entered each stage o f 
metamorphosis and by which 50 percent of the emergence had taken place 
were noted f r o m the i n f o r m a t i o n presented i n chapter 6 ( t ab l e 1 6 ) . 
These represented the dates a t which average members of the popula t ion 
entered each successive stage. The mean dry weights of stage 2 and 
stage 3 metamorphosing la rvae (see chapter 2, sect ion 2.6) were then 
entered i n t h e tab les a t the l a s t date i n -which 50 percent of the 
popula t ion ere i n t h a t stage. T i l s was an approximation: i d e a l l y 
the mean weights should have been entered mid-waj through the develop-
ment of each metamorphic stage i n the f i e l d , but i n f o r m a t i o n on t h i s 
po in t ./as l a c k i n g . For example, i t i s c l ea r t h a t i n the case o f 
stage 2 metamorphosis the date hal f -way between 50 percent en te r ing 
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Smoothed Net Dry Mean g. CJ.1 . r ies 
l eng th weight weight c a l o r i e s / growun 
Month on 1st on 1s t on 1s t i n d i v i d u a l dur ing 
o f month of month o f month on 1st month 
(mm) (mg) (nig) of month 
July 1966 1.30 0.063 0.011 0.056 0.110 
August 1966 1.87 0.178 0.032 0.166 0.255 
Sept 1966 2.^5 0.431 0.082 0.421 C.421 
Oct 1966 3.25 0.861 0.164 0.84 2 0.133 
i:cv 1966 t o 
Feb 1967 3.43 1.003 0.190 0.975 
0.000 
liarch 1967 3.43 1.003 0.190 0.975 C.056 
A p r i l 1967 3.50 1.064 0.201 1.031 :.454 
•ay 1967 4.00 1.557 0.289 1.435 0.757 
June 1967 4.65 2.392 0.438 2.242 2.25S 
July 1967 0.00 4.949 0.878 4.501 5 . 0 ^ 
August 1967 7-90 10.84 1.862 9.542 8.144 
Se t 1967 9.90 20.64 3.451 17.686 10.171 
Let 1967 
penultimate i n s t a r 11.14 28.90 4.766 27.857 9.233 
f i n a l i n s t a r 12.16 43.96 4.469 
HOT 1967 12.70 46.38. 7.037 37.090 2.295 
Dec 1967 12.85 47.05 7.473 39.385 0.766 
Jan 1968 12.90 47 .-7 7.618 40.151 1.53C 
Feb 1968 13.00 47.72 7.908 41.681 2.296 
March 1968 13.13 48.39 8.344 43.977 9.184 
A p r i l 1968 13.75 51.08 10.087 53.161 13.529 
17th A p r i l 1968 - 5CU popula t ion 
enter stage 2 metamorphosis. 
1st May 1968 - 66.690 13.529 
23rd May 1968 - 50 - enter stag e 3 14.73 80.218 -8.140 
metamorphosis. 
30th Hay 1968 - 50,. emerge 13.62 72.078 -
Table 20. Growth expressed as wet and dry weights and c a l o r i f i c va lue . 
1966 year class pond For d e t a i l s see t e x t . 
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Month 
•imoothed 
length 
on 1s t 
of month 
(mm) 
Wet 
weight 
on 1st 
of month 
(mg) 
Dry 
.. ighb 
on 1s t 
o f month 
(mg) 
Mean 
c a l o r i e s / 
i n d i v i d u a l 
on 1st 
of month 
g. ca lo r i e s 
growth 
l u r i n g 
month 
July I966 
AUguct 1966 
Sept 1966 
Get 1966 "1 
Penultimate i n s t a r 
F i n a l I n s t a r 
Nov 1966 
Dec 1966 
Jan 1967 
Feb 1967 
March 1967 
k m 1967 
5.75 
7.83 
9.85 
11.04 
11.90 
12.40 
12.65 
12.90 
13.15 
13.70 
13.90 
4.382 
10.57 
20.33 
28.17 
42.79 
45.03 
46.15 
47.27 
48.39 
50.86 
53.CC 
0.782 
1.818 
3.404 
4.650 
4.71-4 
o . loo 
6.892 
7.618 
8.344 
9.941 
10.512 
4.006 
9.317 
17.445 
24.693 
31.497 
36.324 
40.151 
43.977 
52.396 
55.457 
5 . 3 H 
8.128 
7.24S 
7. .04 
3.827 
3.827 
3.826 
8.419 
3.061 
12.3&1 
10th A p r i l 1967 - 50.. o f populat ion 
enter stage 2 metamorphosis. - - -
1st May 1967 - 67.837 12.382 
25th May 1967 - 5 Q. 
me tamo r p h osis. 
enter stage 3 14.73 80.218 -8.140 
1st June ^9-7 - 50,- emerge 13.62 72.078 -
Ta-le 21 Growth expressed as wet and I r ./eights and c a l o r i f i c values . 
I965 year class pond For d e t a i l s see t e x t . 
stage 2 and 50 percent en te r ing stage 3, was not the mid development 
po in t be cause development proceeded more r a p i dly towards the end as 
pond temperatures increased. 
G. ca l s . per i n d i v i d u a l were estimated on 1s t May. This may be 
i l l u s t r a t e d us ing the data f o r the I966 year class i n pond B (see Table 
20) . The c a l o r i f i c values per i n d i v i d u a l on 1/4/68 and -3/5/68 were 
53.161 and 80.218 ca lo r i e s r e spec t ive ly , so tha t growth between these 
dates amounted t o 27.057 c a l o r i e s . I t was assumed t h a t growth rates 
between 1/4/68 and 1/5/68 and between 1/5/68 and 23/5/68 were equal . 
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So oothed Wet Dry Lean 
l eng th -/eight weight c a l o r i e s / g . ca lo r ies 
on 1s t on 1st on 1st i n d i v i d u a l growth 
of month of month of month on 1st dur ing 
(nan) (mg) (mg) o f month month 
J u l y 1967 1.30 0.063 0.011 0.056 O.O69 
:'.u aist 1967 1,70 0.136 0.024 0.125 0.272 
Sept 1967 "-.50 0.407 0.078 C397 0.445 
Oct 1967 3.25 0.861 0.164 0.842 O.142 
Nov 1967 t o 
0.984 Feb 1968 3.44 1.013 0.192 0.000 
March 1968 3.44 1.013 0.19 0.984 C.063 
A i - r i l 1968 3.52 1.080 0.204 i .047 0.292 
May 1968 3.85 1.396 0.261 1.338 0.970 
June 1968 4.70 2.465 0.450 2.308 4.283 
July 1968 6.90 7.367 1.286 6.592 • 
Table 22 Growth expressed as wet and dry weights and c a l o r i f i c 
va lues . 1967 year class :ond B. For d e t a i l s see t e x t . 
This was no t unreasona ble since the l eng th measurements i nd i ca t ed con-
t inuous growth dur ing t h i s t ime and the s l i g h t l y shor ter per iod f rom 
1/5/68 t o 23/5/68 made allowance f o r more r a p i d growth due to r i s i n g 
temperatures. I n t h i s p a r t i c u l a r example, 13.529 (27.057 -r 2} ca lo r i e s 
were put on i n each pe r iod by each i n d i v i d u a l . Kence, an estimate o f 
the c a l o r i f i c value per i n d i v i d u a l on 1/5/68 i s 53.161 + 13.529 c a l o r 
66.69O c a l per i n d i v i d u a l . This estimate agrees c lose ly witj? one o f 
65.3 c a lo r i e s per i n d i v i d u a l made d i r e c t l y f rom the mean length on 
1/5/68 and using the normal l e n g t h : dry e igh t regression f o r non-
metamorphasing f i n a l ins t a r s . The more complex c a l c u l a t i o n was 
employed s ince i t u t i l i s e d data, f o r metamorphosing la rvae on ly , but i t 
appears t h a t e i t h e r method would have given s i m i l a r r e s u l t s . A s i m i l a r 
procedure f o r c a l c u l a t i n g the c a l o r i f i c v a l u e s / i n d i v i d u a l on 1s t May was 
employed f o r a l l other senior age classes. 
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Kcnth 
July 1967 
August 1967 
Sept 1967 
Oct 1967 
Nov 1967 t o 
March I968 
(1966 and 1967 year 
A p r i l 1967 
Lay 1967 
June I967 
July 1967 
August 1967 
Sept 1967 
Get 1967 
Fenultimate i n s t a r 
F i n a l i n s t a r _ 
Hov 1967 
Dec 1967 
Jan 1968 
Feb 1968 
H rch 1968 
A p r i l 1968 
Smoothed 
l eng th 
am 1s t 
o f month 
(mm) 
1,30 
1.70 
2.45 
3.05 
3.40 
..et 
weight 
Oli 1st 
of month 
(mg) 
0.063 
0.136 
0.385 
0.718 
0.979 
Dry 
weight 
on 1s t 
o f month 
(mg) 
0.011 
0.024 
0.073 
0.138 
0.186 
classes j o i n e 1 at t h i s p o i n t ) 
3.4C 
3.60 
4.20 
6.35 
9.10 
10.53 
11.33 
12.39 
12.70 
13.06 
13.22 
13.26 
13.35 
13.55 
0.979 
1.153 
1.788 
5.817 
16.23 
24.62 
30.36 
44.96 
46.38 
47.99 
48.71 
48.89 
49.29 
50.19 
20th A p r i l 1968 - 50,~ o f popula t ion 
entered stage Z metamorphosis. 
1st l a y 1968 
25th Pay 1968 - 5 0,- entered stage 3 
metamorphosis. 
1st June I968 - 50 . emerge 
C.186 
0.117 
0.331 
1.025 
2 . 7 U 
4.088 
4.997 
6.137 
7.037 
8.083 
8.547 
8.664 
8.925 
9.506 
14.73 
13.62 
he an 
c a l o r i e s / 
i n d i v i d u a l 
on 1st 
of month 
0.056 
0.125 
0.374 
0.707 
0.952 
0.952 
1.114 
1.696 
5.253 
14.047 
20.950 
30.661 
37.090 
42.599 
45.049 
45.661 
47.038 
50.100 
65.159 
80.218 
72.078 
, c a lo r i e s 
grov/th 
dur ing 
month 
O.C69 
0.249 
0.333 
0.245 
0.000 
0.162 
0.582 
3.556 
8.794 
6.903 
9.711 
6.429 
5.509 
2.450 
0.612 
1.377 
3.062 
15.059 
15.059 
-8.140 
Table 23 Growth expressed as wet and dry weights and c a l o r i f i c values ; 
composite growth curve i n pond F f rom I966 and I967 year classes, 
For d e t a i l s see t e x t . 
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I n s tage 3 metamorphosis , the l a r v a e l o s e we igh t and t h e i r 
c a l o r i f i c v a l u e f a l l s . Growth i n t h i s s tage w a s ' t h e r e f o r e n e g a t i v e . 
7 . 3 DJSCUSSia 
S l i g h t d i f f e r e n c e s e x i s t e d between e q u i v a l e n t mon th ly g r o w t h 
i nc remen t s i n t h e two ponds and i n d i f f e r e n t y e a r s , p r o b a b l y r e f l e c t -
i n g d i f f e r e n c e s between the h a b i t a t s i n prey a v a i l a b i l i t y and temp-
e r a t u r e , b u t the g r o w t h p a t t e r n s were v e r y s i m i l a r , 
Ma can ( 1 9 6 4 ) made d e t a i l e d comparisons between g r o w t h s t u d i e s o f 
Pyrrhosoma i n Hodson's Tarn ( E n g l i s h Lake D i s t r i c t ) ai d those o f 
J or-pet CL957b) i n Hampshire: 1 : r v : c •.:'. t h v t o - ear l i f e cyc le i n 
Kodson 1 s T a m showed o n l y s m a l l d i f f e r e n c e s i n t h e i r g rowth curves when 
compared . d t h Corbe t 1 s data and b o t h a r e e s s e n t i a l l y s i m i l a r t o t h e 
Drass ide g r o w t h c u r v e s . There are obv ious minor seasona l d i f f e r e n c e s , 
as m i g h t b e e x p e c t e d f r o m t h e g e o g r a p h i c a l s e p a r a t i o n o f the t h r e e 
s i t e s , b u t t h e g e n e r a l p a t t e r n o f the t y p i c a l two y e a r l i f e c y c l e i n 
rrhosoma i s 1 e l l e s t a b l i s h e d . I t appears t h a t t he r s s i d e 
' u l a t i o n s shaved none o f the v a r i a t i o n s no t ed i n t h e o t h e r s t u d i e s 
and, c o n s e q u e n t l y , demonst ra te t y p i c a l development i n i t s sim. l e s t 
f o r m . T h i s was p a r t i c u l a r l y f o r t u n a t e f u r t h e purposes o f t h i s s t u d y . 
The h i g h degree o f u n i f o r m i t y i n t h e g rowth o f t he Brass ide l a r v a e may 
be due t o two main f a c t o r s . On t h e one hand, t h e i r w e l l synch ron i sed 
g rowth can p r o b a b l y be a t t r i b u t e d t o summer t empera tu res t h a t were t o o 
l o w f o r v e r y r a p i d , u n i v o l t i n e development o f the type suggested by 
Corbet (1957b) f o r l a r v a e i n a more s o u t h e r n p o p u l a t i o n . The r a p i d 
one y e a r g r o w t h observed by Corbe t was undoub ted ly r e s p o n s i b l e f o r p a r t 
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o f t h e s p r i n g m o u l t to the f i n a l i n s t a r . On the o t h e r hand, p o p u l a -
t i o n d e n s i t i e s i n Bras s ide were never as h i g h as those observed by 
~ c a r so t h a t no p a r t o f the p o p u l a t i o n was a t a g r e a t d i s a d v a n -
tage i n compet ing f o r s u i t a b l e vantage p o i n t s f r o m which an adequate 
f o o d s u p p l y f o r n o r m a l development cou^d be obta ined* The h i g h pop -
u l a t i o n d e n s i t y n o t e d by l ^ c a i . ( I 9 6 4 ) p r o b a b l j r e s u l t e d f i r s t o f a l l 
i n p a r t o f t h e ^ oA - e l a t i on g rowing 3 l o w l y and a g a i n m o u l t i n g t o t h e 
f i n a l i n s t a r i n s p r i n g and, i n extreme cases, when p o p u l a t i o n s were 
e x c e p t i o n a l l y h i g h , t o p a r t o f the y e a r c l a s s e x t e n d i n g development t o 
t h r e e y e a r s . 
F i n a l l y , s y n c h r o n i z a t i o n seems t o be p a r t i a l l y s e l f - p e r p e t u a t i n g . 
Lack o f any " t a i l " on t he emergence c y c l e caused by l a t e emergence ha3 
a l r e a d y been r e f e r r e d t o f o r the Bra s s ide p o p u l a t i o n s (see chap te r 6) 
and c o n s e q u e n t a l l y , t h e yea r c lasses a t 3 r a s s i d e 1 ere p r o b a b l y b e t t e r 
synch ron i sed on h a t c h i n g t h a n those s t u d i e d by e i t h e r Macau o r C o r b e t . 
T h i s wou ld n a t u r a l l y i n c r e a s e t he chances o f r ema in ing w e l l s y n c h r o n i s e d 
t h r o u g h o u t l a r v a l l i f e . 
Growth i n ] yrrhosoma may be compared w i t h t h a t o f t h e c l a s s i c a l 
s p r i n g emergence spec ies Anax ir. i . o r a t o r . Leach (Corbe t 1957a) . The l i f e 
c y c l e s i m i l a r l y t a k e two years t o comple te , b u t Pyrrhosoma s t a r t s t o 
grew e a r l i e r and f i n i s h e s l a t e r i n t h e y e a r than Anax. One consequence 
o f t h i s i s t h a t i n a l l p o p u l a t i o n s so f a r s t u d i e d , Pvrrhosoma d i d n o t 
s t a r t t o m o u l t t o t h e f i n a l i n s t a r u n t i l a t l e a s t ^e^te be r . I n 
_ ' rass ide , about 75 pe r cen t had en t e r ed t he f i n a l i n s t a r by 1 s t October 
and 100 p e r c e n t by 1 s t November. I n o t h r Pyrrhosoma p o p u l a t i o n s 
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( see Jo rbe t 1957b f i g u r e 3) events ./ere even l a t e r and t h e m o u l t con -
t i n u e d u n t i l December. I n Anax, 5 p e r c e n t o f t h e l a r v a e e n t e r e d t h e 
f i n a l i n s t a r i n m i d J u l y , 75 pe rcen t by t h e end o f August and a l m o s t 
a l l by the end o f ^ t e m b e r (Corbe t 1957a) , w h i c h p laces t h e m o u l t 
app rox i r i i a t e ly one o r even two months ahead o f t h a t i n ry r rhosoma . 
T h i s c o u l d have i m p o r t a n t consequences when t h e na tu re o f t h e diapause 
i n the two spec ies i s cons idered and i s d i scussed i n chap te r 13 . 
R e g u l a r measurements o f a r e c o g n i s a b l e c o h o r t have been used by a 
number o f w o r k e r s t o s tudy prowth o f i n s e c t l a r v a e i n the f i e l d . Among 
the f i r s t -was Hoon (1939) f o r ^phemerooter-. . A p a r t f r o m t h e work o f 
Corbet (1957a and b) and ^ c a n ( I 9 6 4 ) a l r e a d y r e f e r r e d t o , f i e l d g r o w t h 
r a t e s i n C iionata have been measured u s i n g s i m i l a r methods t o the ^ re sen t 
. .ork i n s e v e r a l o t h e r s t o d i e s e . g . p u c h h o l t z (1951) f o r A;-:rion sulenden 
( H a r r i s ) , Corbet ( i n J o r b e t 2 t a l . I96O) f o r 3:ym: e t rum s t r i o l a t u . ( C h a r j . ) 
C h u t t e r (1961) f o r ?seuda. g ,r ion s a l i s b u r y e n s e ( P i s ) and L u t z ( I 9 6 8 ) f o r 
Les tes ear inu . , : . u . P robab ly be cause the^ g r e a t l y s i m p l i f y c a l c u l a t i o n , 
s e v e r a l e c o l o g i c a l e n e r g e t i c s s t u d i e s have a l s o t aken advantage o f n o n -
-donata spec ies w i t h r e c o g n i s a b l e c o h o r t s , g r o w i n g i n a synch ron i sed 
manner, s i m i l a r t o Pyrrhosoma e . g . r^ann (3.965), f o r f i s h i n the r i v e r 
Thames, > a i t c ( I 9 6 5 , 1967) f o r L i p . i d i u m and J a . j o n a r i a ^ . v a l l e y (196C) 
f o r Grche l imuu and . d e s e r t (1965) f o r I - je lanoplus . F i e l d g rowth 
e s t ima t e s used t o compute p o p u l a t i o n p r o d u c t i o n o n l y have been used by 
ggvaen Jensen ( 1 9 1 9 ) , A l l e n (1951) and many o t h e r s . 
The p o s s i b l e e r r o r s wh ich may a r i s e when measur ing g r o w t h r a t e s o f 
i n s e c t l a r v a e i n t he f i e l d a r e w e l l known. acan (195&a; and Cor'oet 
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(1957a) p o i n t o u t t h a t a p r o t r a c t e d h a t c h , spread out over s e v e r a l 
samples w i l l reduce t he apparen t g rowth r a t e o f t h e p o p u l a t i o n based 
on sample means. To a v o i d such " d i l u t i o n 1 1 e f f e c t s w i t h P l e c o p t e r a 
and Bphemeroptera l a r v a e , . - i l l i o t (1967) used modes r a t h e r t han means. 
D i f f e r e n t i a l m o r t a l i t y o f l a r g e o r s m a l l i n d i v i d u a l s between samples 
c o u l d a l s o i n t r o d u c e e r r o r , as would f a i l u r e t o sample a l l s i z e s o f 
l a r v a e e q u a l l y (Hynes 1941; e . g . by the escape o f s m a l l e r l a r v a e t h r o u g h 
t h e n e t . I n v i e w o f t h e p r ecau t ions t aken i n sampl ing s m a l l l a r v a e 
and the w e l l s y n c h r o n i s e d emergence and o v i p o s i t i o n p e r i o d s (see chap te r 
6 ) , these e r r o r s were n o t a p p l i c a b l e i n the p resen t s t u d y . 
I n c o n v e r t i n g f r o m mean l e n g t h t o mean w e i g h t , an a d d i t i o n a l e r r o r 
a r i s e s (Tesch , i n r d e k e r I 9 6 S ) . I n a g i v e n age g r o u p , o f average 
l e n g t h L and average we igh t . , the v a l u e o f i s g r e a t e r t h a n t h e average 
w e i g h t o f t h e i n d i v i d u a l l a r v a e whose l e n g t h s a re e x a c t l y L . The 
amount o f t h i s d i f f e r e n c e inc reases w i t h the amount o f v a r i a b i l i t y i n 
l e n g t h w i t h i n t h e c o h o r t and, i n t h e p resen t stuck where the l a r v a e 
a re h i g h l y s y n c h r o n i s e d , can _ r o b a b l y be i g n o r e d . (A s i m i l a r e r r o r 
w i l l be p r e s e n t f o r example whenever the r e l a t i o n s h i p between L a r v a l 
s i z e and an e x . e r i m e n t a l v a r i a b l e i s l o g a r i t h m i c , as w i t h r e s p i r a t o r y 
r a t e . As i n t he case o f t h e l e n g t h : w e i g h t r e l a t i o n s h i p s , t h e s y n c h r o n i -
s a t i o n o f t h e p o p u l a t i o n was sstimed t o he such t h a t the e r r o r was 
n e g l i g i b l e . ) 
I t i s p e r t i n e n t t o ask what f a c t o r s l i m i t t h e g r o w t h r a t e i n 
Fyrrhosoma. A two y e a r l i f e c y c l e appears t o be t y p i c a l o f many 
B r i t i s h Ccbnata (Corbe t e t a l . I96O p . 8 1 - 8 2 ) , b u t i t i s p a r t i c u l a r l y 
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s i g n i f i c a n t t h a t i n t h e da t a wh ich t h e y p r e s e n t most o f t h e Zygop te ra 
a r e u n i v o l t i n e and i t i s t h e l a r g e r A n i s o p t e r a wh ich a re u s u a l l y semi -
v o l t i n e . Of the Z y g o p t e r a , Lastee a onsa shove e x c e p t i o n a l l y r a p i d 
development : l a r v a e i n pond B ( p e r s o n a l o b s e r v a t i o n s , u n p u b l i s h e d ) 
grew f r o m 0 . 0 4 nig d r y w e i g h t on h a t c h i n g i n m i d A p r i l t o 6 - 10 mg 
d r y we igh t a t emergence i n m i d J u l y , w h i l s t Pyrrhosoma l a r v a e i n t he 
j u n i o r age c l a s s i n c r e a s e d i n . / e igh t f r o m 0 . 2 mg d r y weigh t t o 1 mg 
d r y we igh t i n the same t h r e e months . T h i s presei t s a r t i c 1 r l y 
f o r c e f u l l y t h e d i f f e r e n c e between two species o f ^ g o p t e r a i n t h e 
same pond a t the same t i m e . C a l v e r t (1929) and Kodgk in and . .atson 
(1958) showed t h a t Cdonata l a r v a e d i f f e r e d marked ly i n t h e i r g e n e t i c 
a b i l i t y t o r e s p o n d t o f a v o u r a b l e c o n d i t i o n s f o r g r o w t h , and Pyrrhosoma 
i s erobablp t y p i c a l o f t hose species unable t o grow very r a p i d l y even 
under t h e most f a v o u r a b l e c o n d i t i o n s , 
7ar„ l i t t l e appears t o be known about the g e n e t i c a l l y c o n t r o l l e d 
p h y s i o l o g i c a l d i f f e r e n c e s between f a s t and s low g rowing Cdonata l a r v a e . 
C a l v e r t (1929J c o u l d f i n d no r e l a t i o n s h i p between l e n g t h o f l a r v a l l i f e 
and s i z e , bu t i n c l u d e d a wide range o f s_.ecies f r o m d i v e r s e h a b i t a t s 
when i t i s p r o b a b l y o n l y v a l i d t o compare l a r v a e f r o m s i m i l a r h a b i t a t s . 
I .ore r a p i d l ; g r o w i n g species r i g h t be expec ted t o have h i g h e r 
maximum f e e d i n g r a t e s , achieved by l a r g e r gu t c a p a c i t y ana r a p i d gait 
c lea rance t i m e s . H igh a s s i m i l a t i o n e f f i c i e n c y and h i g h gross and n e t 
growth e f f i c i e n c i e s ( ^ arid IC, o f I v l e v 1945) o r l o w r e s p i r a t o r y r a t e s 
per u n i t w e i g h t wou ld a l s o be advantageous. 
F i n a l l y , t h e a b i l i t y t h e d e t e c t and cap ture p rey w i l l , r o b a b l ; e 
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g r e a t e r i n r a p i d l y d e v e l o p i n g spec ies ; L e s t e s . f o r example, has 
e v o l v e d pre} l e t e c t i o n and cap tu re mechanisms more l i k e those o f t h e 
advanced Aeshnidae than o t h e r .uygoptera, p a r t i c u l a r l y i n the p r i m a r y 
use o f t h e eyes r a t h e r t h a n the antennae i n p rey d e t e c t i o n (Ando 1957, 
. . i c h - r d 1960 a , b , Corbe t 1962) . 
I n gyrrhosoma and spec ies w i t h a s i m i l a r l i f e c y c l e , i t appears 
t h a t t h e e v o l u t i o n o f r a p i d g rowth r a t e s has n o t been a f e a t u r e o f t h e i r 
e v o l u t i o n a r y h i s t o r y . Emphasis i n s t e a d has been p laced on s y n c h r o n i s a -
t i o n o f t he emergence i n s p r i n g . S y n c h r o n i s a t i o n i n .-max i s r emarkab l e ; 
i n I 'yrrhosoma emergence i s l e s s , r e l l synchron i sed b u t i t i s n e v e r t h e l e s s 
s t i l l a h i g h l y e v o l v e d seasona l phenomenon and presumably has h i g h 
s u r v i v a l v a l u e . The advantages o f a s p r i n g synchron i sed emergence 
have beer, d i s c u s s e d a t l e g t h by Corbet (1957a, 1962) and Macan (1956a) 
Once p r e s e n t , i t s e t s d e f i n i t e l i m i t s on a l l o t h e r aspects o f l a r v a l 
g r o w t h and development , because f o r i t t o be ach ieved t h e m a j o r i t y o f 
l a r v a e must be i n t he f i n a l i n s t a r b e f o r e w i n t e r i n h i b i t s g r o w t h , A 
diapause t h e n serves t o i n c r e a s e s y n c h r o n i s a t i o n and t h e poj i l l a t i o n 
metamorphose and emerge i n the s p r i n g as soon as c o n d i t i o n s become 
f a v o u r a b l e . (Corbe t 1957a, 1957b, 1962 e t c . ) . The new g e n e r a t i o n 
h a t c h i n g i n J u l y must , t h e r e f o r e , e i t h e r complete development i n f o u r 
months i n o r d e r t o reach t h e f i n a l i n s t a r by t h e f i r s t w i n t e r o r grow 
more s l o w l y and reach t h i s p o i n t a yea r l a t e r . I n t e r m e d i a t e g r o w t h 
r a t e s , g i v i n g r i s e t o summer emergence and a l o s s o f s y n c h r o n i s a t i o n 
wou ld p r o b a b l y be s e l e c t e d a g a i n s t . e x t r e m e l y r a p i d growth i s a 
s e c i a l i s a t i o n shown j - very f o . r Ldon-. t a , so t h a t i n nost h a b i t a t s , 
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s l o w g r o w t h and two y e a r development be cane i n e v i t a b l e i f s p r i n g 
s y n c h r o n i s a t i o n i s t o be m a i n t a i n e d . 
F i g . 12 . L a r v a l g r o w t h curves i n pond 3 (mean l a r v a l 
l e n r t h + 2 s t anda rd e r r o r s ) . 
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I n f o r m a t i o n on the nain prey species t a k e n by Pr/rrhosoma wa 
o b t a i n e d bp f a e c a l p e l l e t a n a l y s i s : s ince v i r t u a l l y a l l p rey i n Gdonata . 
i s consumed who le , t h i s was cons ide red t o be a r e l i a b l e method. For 
v e r y s m a l l Fyrrhosoma l a r v a e , faeces a n a l y s i s was o t p o s s i b l e and a 
number o f f o o d p r e f e r e n c e exper iments were c a r r i e d o u t . From a knowledge 
o f the s i z e o f t he prey organisms t a k e n and the f o o d o f the p rey s p e c i e s , 
i t as _ o s s i c l e t o b u i l d up an accura te p i c t u r e o f t he t r o p h i c p o s i t i o n 
o f ryr rhosoma i n t h e pond f o o d web f o r c o t o f l a r v a l l i f e . 
8 . 1 FOOD PREFERENCE EaCPBRBIENTS ,JTH SMALL JMjm 
Food p r e f e r e n c e exper iments were c a r r i e d o u t . . i t h l-. ' .boratory hatched 
i n s t a r 2 l a r v a e . Less d e t a i l e d obse rva t i ons were mc.de on i n s t a r 3 
l a r v e. 
Larvae t h t had been s t a r v e d f o r 24 hours were p l aced on a w e l l 
s l i d e i n a d rop o f wa te r c o n t a i n i n g a s e l e c t i o n o f p o t e n t i a l p r e y organisms 
and examined under a x 25 b i n o c u l a r mic roscope . 'Zzch l a r v a •••ar; l e f t i n 
t h e w e l l u n t i l " i n t e r e s t " i n the prey had a p p a r e n t l y ceased o r f o r a 
maximum o f 15 m i n u t e s . Three c a t e g o r i e s were r e c o r d e d : -
1) Larvae shewed i n t e r e s t by t u r n i n g and d i r e c t i n g antennae towards 
p r e y , sometimes accompanied by a movement o f the l a b i a l p a l p s . 
i i ) A t tempted cap tu re by e j e c t i o n o f l a b i u m . 
i i i ) J u c c e s s f u l cap tu re ' n d i n g e s t i o n o f ^ r e y . 
Two " f o o d p r e f e r e n c e c u l t u r e s " were used f o r i n s t a r 2 l a r v a e . 
i ) T h i s c o n t a i n e d a v a r i e t y o f i n f u s o r i a o b t a i n e d f r o m o l d hay c u l t u r e s 
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t o w h i c h pond w a t e r had been added. 
Tab l e -.4 shows t h e species p r e sen t ( r anked i n o r d e r o f abundance) and 
t h e i r mean s i z e i n mm. 
Species Abundance r a n k 
?an s i z e (mm) measured 
w i t h a mic romete r 
eye -p iece ( d i a m e t e r 
o r l e n g t h and w i d t h ) 
Paramecium caudatun Abundant 0 .23 x 0 .04 
a-lena so . Abundant 0.08 x 0.04 
. t y l o n y c h i a so . Common 0 . 2 2 x 0.07 
Amoeba sp . P resen t bu t n o t 
common 0.25 
A r o t i f e r , ^ o s s i b l y 
D i u r e l l a s p . 
Present b u t n o t 
common 0.20 x 0.09 
Table 24 s p e c i e s o f i n f u s o r i a p resen t i n f i r s t 1 1 f o o d - . reference 
c u l t u r e * 
i i ) T h i s c o n t a i n e d the sa..o a.- ec ium sp. as the f i r s t ( t h i s was f o r 
compara t ive purposes) and two Cladocera as shown i n t a b l e 25-
s i z e (mm) measured 
Species Abundance rank w i t h a mic rome te r eye -p iece (maximum 
l e n g t h o r l e n g t h and 
. . i d t h ) 
Abundant 0 .23 x 0.04 
Chydorus sp. Common • 36 
Newborn Da.ahnia ob tusa Common 0 .80 
Tab l e 24 Species p r e s e n t i n second " f o o d p r e f e r e n c e c u l t u r e . " 
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- : f i r s t " f o r ] Pr^cnce c u l t u r e 1 1 , ' > at r 
k t o t a l o f 10 newly ha tched Pyrrhosoma l a r v a e cap tu red o r a t t empted 
t o cap tu re a t o t a l o f 52 prey i t ems as f o l l o w s : -
25 (48 ,1 per c en t ) 
.ony c h i a 14 ( 3 .6.9 per c e n t ) 
R o t i f e r . 1 ( 2 1 . 2 per c e n t ) 
aaalena 1 (1 .9 -l^er c en t ) 
Amoeba 1 ( 1 . 9 per c en t ) 
.."hen t h i s i s compared w i t h t h e rough abundance r a n k , i t i s c l e a r t h a t 
Paramecium, ^ t ^ 1 r... c h i a and r o t i f e r s /ere r e a d i l y eaten bu t t h a t Amoeba 
and i».-plena were r a r e l a a t t a c k e d . ^up len , was p robab ly a t t h e l o w e r 
end o f t h e d e t e c t a b l e s i z e range and Amoeba moved too s l o w l y . I t i s 
i n t e r e s t i n g t h a t t he s i n g l e Amoeba cap tu red was immed ia t e ly r e j e c t e d and 
r e s u l t e d i n v i o l e n t c l e a n i n g movements o f t he l a b i u m as i f h i g h l y d i s t a s t e -
The o b s e r v a t i o n s on prey i n widen t h e l a r v a e showed i n t e r e s t con -
f i r m e d t h e above r e s u l t s . Very f e w showed i n t e r e s t i n Aiglena and Amoeba 
b u t a l l showed a s t r o n g response t o t he o t h e r t h r e e t y p e s . 
•Jt 3: ;ecer.d " f o o d a r e f e r e n c e c u l t u r e " , i n s t a r 2 . 
A t o t a l o f 10 newly ha tched parrhosoma larvae c ap tu red o r a t t e m p t e d 
t o cap tu re 63 p r e j i t e m s as follows 
Daphnia ob tusa 26 (41.3 per c en t ) 
Chydorus 33 (52 .4 /pe r c e n t ) 
Paramecium 4 (6 .4 pe r c en t ) 
f u l . 
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The response t o Cladocera was d rama t i c and l a r v a e l a r g e l y i g n o r e d the 
- • - ' However, s u c c e s s f u l cap tures were r a r e . Da.-hnia 
i n v a r i a b l y escaped bu t some l a r v a e managed t o remove t h e antennae, 
w h i c h they a t e . Jhydorus -as f r e q u e n t l y h e l d bu t t he carapace was 
t o o s t r o n g t o p i e r c e . 
R e s u l t s : i n s t a r 3 
o b s e r v a t i o n s s i m i l a r t o those made on i n s t a r 2 l a r v a e showed t h a t 
i n s t a r 3 l a r v a e were ab le t o capture and ea t bo th s m a l l Da.;hnia and 
j hydo rus s u c c e s s f u l l y . r mecium was r a r e l y t a k e n . 
Jonelus ions 
Newly ha tched l a r v a e c l e a r l y t o o k any moving s m a l l p rey o f a 
s u i t a b l e s i z e , t he l o w e r l j j n i t p r o b a b l y be ing about t h e s i z e o f aUi~lena 
( 0 , 0 8 mm l o n g ) - w h i l s t a t t h e upper l i m i t t hey a t t empted t o c a p t u r e 
s u r p r i s i n g l y l a r g e Cladocera ( 0 . 3 - 0.8 mm l o n g ) . 
F o l l o w i n g the m o u l t t o i n s t a r 3> t h e a b i l i t y t o cap ture s m a l l 
71 docera improved and i t i s probable t h a t dependence on p r o t o z o a and 
r o i f e r s d e c l i n e ^ . I n t he f i e l d , s m a l l Gladocera and s i m i l a r s i ed 
organisms p robab ly become i n c r e a s i n g l y i m p o r t a n t f r o m i n s t a r 3 onwards. 
A dependence on p ro tozoa and p ro tozoan s i z e d metazoa i n i n s t a r 2 
Cdonata l a r v a e f o l l o w e d by a s h i f t t o l a r g e r metazoa i n i n s t a r 3 o r 4 
has been n o t e d by many workers e . g . 3 a i f o u r - 3rowne (1909), Gardner 
(1950), ormondy (195?) and ^ r u l l ( 1 9 2 8 ) . 
8 . 2 F , ^ - ANALYSIS I I I L A ^ ^ c LAiflTAE 
g .2 Genera l l e t h o d s 
Data were o b t a i n e d i n pond 3 o n l y : t h e faeces roduced by s e n i o r 
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and j u n i o r age c lasses t a k e n i n t h e m o n t h l y p o p u l a t i o n sarn i e s and i n 
o c c a s i o n a l a d d i t i o n a l samples made f o r t h i s purpose were c o l l e c t e d between 
J u l y 1966 a n d June I967 and s t o r e d i n 70 pe rcen t a l c o h o l u n t i l r e q u i r e d 
f o r a n a l y s i s . The faeces , roduced by the j u n i o r age c lass between 
J u l y and November were too s m a l l t o be ana lysed s a t i s f a c t o r i l y . P e l l e t s 
f r o m each l a r v a were c o l l e c t e d and s t o r e d s e p a r a t e l y . Odonata l a r v a e 
produce c o n t a c t f aeces enc losed i n a s t r o n g p e r i t r o p h i c membrane, making 
them very- conven ien t t o handle and s t o r e w i t h o u t l o s s o f m a t e r i a l . 
For a n a l y s i s , f aeces were p l aced i n a drop o f a l c o h o l on a s i d e 
squared a t 1 mm i n t e r v a l s and d i s s e c t e d under a b i n o c u l a r microscope w i t h 
f i n e need l e s . The separa ted remains were p l aced under a cover s l i p , 
t h e con ten t s o f each 1 mm square examined under x 60 m a g n i f i c a t i o n and 
the number o f specimens i n t h e p e l l e t r e c o r d e d . The remains o f p rey 
spec ies were a l s o measured w i t h a mic romete r eye -p i ece , f r o m w h i c h da ta 
on the approximate s i z e s o f t he p r e y be ing consumed were o b t a i n e d . 
Comparisons were made between the number o f i n d i v i d u a l s o f each 
k i n d o f p r e y cap tu red each month, r e g a r d l e s s o f t h e s i z e o f t h e p r e y . A 
f u r t h e r a n a l y s i s was made i n -which t he dry we igh t o f each p rey t y p e 
consumed was examined. I n o rde r t o e l i m i n a t e minor mon th ly f l u c t u a t i o n s 
and t o i l l u s t r - t e more c l c a r l ; en e gos i r . t he p r o p o r t i o n o f each t ape o f 
p r e y consumed on a dry w e i g h t bas i s a t d i f f e r e n t s tages i n t he l i f e h i s -
t o r y , t h r e e b road l i f e c y c l e d i v i s i o n s were r e c o g n i s e d v i z : -
: ' , , m a l l l a r v a e (November - May) 
i i ) Growing Larvae (June - October) 
i i i ) F i n a l i n s t a r s ( cvvmb r - - ay) 
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8« ~ D Prey I d e n t i f i c a t i o n and E t i . i . bion of : umb..rs 
A reference c o l l e c t i o n of a l l p o t e n t i a l prey species t o be found 
i n ond 3 was made, from which specimens of c u t i c l e , limbs, ja s and 
head capsules were prepared. For the commoner species, "reference 
faeces" were also produced by feeding them to starved Pyrrhosoma 
1* .e. 
The c r i t e r i a by which a l l prey items were i d e n t i f i e d and the 15 
categories i n t o which they were c l a s s i f i e d were as follows 
; - '• -~ 
i ) --imoce .halus vetulus - portions of transparent carapace showing 
l i nea r s t r i a t i o n s : also t y p i c a l mandibles, t a r s a l claws and l imbs. 
i i ) SPJBSE ~ occasionally no r l y -fhole bodies were present but 
usual l y these were reduced t o f ragments p a r t i c u l a r l y of l i m b 
segments and small stout chaetae. 
i i i ) Ostracoda - valves from bivalve car.-'pace usually present i n t ac t , 
iv^ In;; -.oras spp. - usually present i n t a c t . Z. s..haericas i d e n t i f i e d 
from remains but other species present also, 
v) Asellus acuaticus - large pieces of transparent, s l i g h t l y brownish 
exoskeleton, l a c k i n g c h i t i n , were highly c h a r a c t e r i s t i c . Limb 
fragments also. 
Ins set I,-v:e 
viy Jh:' ona.ii lv [except Tanypodinae) - c h a r a c t e r i s t i c head capsules 
u s u a l l y present i n t a c t . Proleg claws, t a i l t u f t s and jaws also 
present. Several s^-ecies ere involved but could not be iden-
t i f i e d - see i-^ acan I963 p. 15). 
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v i i ; Ian:- .jcdinae - d i f f e r from other Chiroac Ldae i n having he 1 
capsules without a well sceleretised hypostomium but u s u a l l y 
w i t h a sce l e r e t i s e d glossa i n roughly the same . o s i t i o n as the 
hypostomium but of q u i t e a d i f f e r e n t shape. Ite t r a c t i l e antennae 
also c h a r a c t e r i s t i c (Bryce 1960). 
v i i i ) 3eratoporonijae - extremely long narrow head capsules, vathout 
obvious antennae, hypostomium or glossa. Also pieces of clear 
c u t i c l e bearing f i n e l o n g i t u d i n a l s t r i a t i o n s . 
i x ) Jhaob.rus sp. - extremely compO i - d i s t i n c t i v e mandibles reser l i n g 
" e lk a n t l e r s " and a c h a r a c t e r i s t i c "fan" of setae from anal region. 
x) Dixa sp. - heavily c h i t i i ised c u t i c l e w i t h many t h i c k black b r i s t l e s 
of c h a r a c t e r i s t i c form. Also a c h i t i n i s e d "pad" bearing s h o r t spines 
from a i a l region. 
x i ) 31oeon di.vberum - l a r g e , rather complex .... l i l les and c u t i c l e w i t h 
d i s t i n c t markings ./ere ch a r a c t e r i s t i c s also fragments of large 
compound eyes and numerous small segments from 1 t a i l s 1 usually 
present. 
x i i ) j t i . c i d a e - c u t i c l e again w i t h c h a r a c t e r i s t i c markings: also present 
vjere unsegrnented long t a i l processes and pointed s i c k l e shaped 
mandibles. 
xLii) I;/7.optera - labium and short z bae on limb fragments (see Mad e i l l 
1967). 
x i v ) Hydra carina - always v i r t u a l l y i n t a c t , 
xv, ^1:. .ochaeta - c h a r a c t e r i s t i c short chaetae present i n large nu bers. 
These were transparent, usually s l i g h t l y - Z shaped and c a r r i e d a 
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small, bulge h a l f way down length: also sometimes forked a t one 
end. 
A small numb.r of prey items, usually c h i t i n i s e ^ and i n c l u d i n g limb 
fragments, could not be i d e n t i f i e d . These have been included i n the 
analysis as u n i j e n t i f i e d arthro. od regains. 
'gratifying the number of prey items present i n each p e l l e t was 
r e l a t i v e l y easy f o r most of the prey types. I n the case of the l a r g e r 
species, i t was u s u a l l y obvious t h a t only one was present from the 
nunbor of .:>andibl:s or other d i s t i n c t i v e remains. Other types 'were 
q u a n t i f i e d from counts of head capsules ( v i , v i i , v i i i ) , whole bodies 
or valves ( i - i ) i v , x i v ) and mandibles ( i , i x ) . Badly broken up copepod 
remains and oligochaetes could not be q u a n t i f i e d and were recorded as 
s i n g l e occurrences: the;, ..-re therefore s l i g h t l y unerestimated. 
..e tains from one large prey item e.g. Jloeon o f t e n appeared i n two f a e c a l 
p e l l e t s from one larvae, but were only counted once. 
The c h i e f problem i n the analysis of fyrrhosoaiq faeces was not the 
a - t a f i c a t i o n of remains, nor i n q u a n t i f y i n g those found, but i n being 
c e r t a i n t h a t no ^rey species were being overlooked because they d i d not 
leave recognisable re "ains or being badly un d e r e s t r i c t e d because the 
remains were very d i f f i c u l t t o f i n d . For very small larvae, both these 
errors are l i k e l y t o increase. ilowever, reference t o the faunal l i s t 
f o r pond :3 (appendix 2) and Iznowledge of the typ.e of f a e c a l remains 
produced by a l l j o t 3 n t i a l prey species, p a r t i c r l a r l y those poorly 
represented or absent i n the f a e c a l p e l l e t analysis, suggested t h a t 
n e i t h e r of these f a c t o r s was a serious source of error. 
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S»~c Sstimation of . ^ .•-]_ ;- (t of , rs;. -.ocies 
5hj ronomi \ze 
The lengths of a l l undamaged head capsules found i n the faeces 
..ere measured w i t h a micrometer eye-piece from the t i p of the hypostomium 
(or glossa i n Tanyoodinae) t o the rear edge of the capsule and the mean 
lengths calculated separately f o r the three l i f e cycle d i v i s i o n s of 
Pyrrhosoma. 
Samples of chironomils Prom pond - were taken and t h e i r head cap-
sule lengths measured. Larvae v/ere k i l l e d by momentarily dipping them 
i n t o b o i l i n g './ater t o f a c i l i t a t e measurement. Larvae i n which the 
head capsule length was w i t h i n +2 standard errors of the three sizes 
found f o r the faeces head capsuled were dried i n a vacuum oven at 60°G 
f o r dry weight determination: the remaining cnironomids were discarded. 
I n t h i s way, the mean dry weights of three sizes of chironomid, equiva-
l e n t t o the three sizes taken by + yrrhosoma, ./ere obtained. 
Cstracoda, Ohydorus s: . and Kydracarina 
The m a j o r i t y of specimens a^^ared i n t a c t i n the faeces and sizes 
were measured d i r e c t l y . There appeared t o be no difference between 
the sizes captured i n the three l i f e cycle d i v i s i o n s (probably :scause 
they were much smaller than the chironomids and e a s i l y caught by a l l 
sizes of larvae) and only one mean ms calculated f o r each species. 
samples of these three ^rey types were taken from pond B and a l l 
i n d i v i d u a l s w i t h i n +2 standard errors of those measured i n the faeces 
./ere taken f or dry ./eight determinations. 
limocephalus and Co -e^oda 
I t was not ossible t o measure the faeces regains i n a //ay t h a t : r o -
vided a s a t i s f a c t o r y r e l a t i o n s h i j between the prey consumed and i t s 
i n i t i a l s i z e . Instead, random samples ..'ere made of a l l parts of the 
^ond and the average dry weight of a " t y p i c a l i n d i v i d u a l " f o u n i f o r 
both prey types. This was not , a r t i c u l a r l y s a t i s f a c t o r y , but provided 
a f i g u r e t h a t was of the r i g h t order of magnitude. I t w i l l be seen 
from the res-alts t h a t the dry weights of these two prey items .-ere con-
sid e r a b l y less than those of i n d i v i d u a l chironomids, so t h a t errors i n 
deterrnining t h e i r weight would be small compared w i t h t h i s d i f f e r e n c e . 
-'- Lgr - re~ . scies. 
Host of these were r e l a t i v e l y unimportant numerically and were 
assigned approximate -eights on the basis of t h e i r size i n comparison 
w i t h the other more important pre? species. 
. ,z ..its 
The t o t a l number of i n d i v i d u a l s of each prey type found each month 
i n the faeces are presented i n tab l e 26. I t w i l l be seen t h a t the 
number of prey items found i n the faeces of the j u n i o r age group between 
November nd June was small, l a r g e l y because of the d i f f i c u l t y experienced 
i n f i x i n g s u f f i c i e n t small larvae at t h i s t i n e (see chapter 5 ) . Con-
sequently , i n analysing the percentage c o n t r i b u t i o n (on a numerical basis) 
of each prey type, i t was necessary t o group the data from several 
mont. s i n order t o obtain a large enough sample. The months where t h i s 
was done are clea r from t a b l e 27, which shows the number of specimens of 
each prey type expressed as a percentage of the t o t a l number of prey items 
f o r each month or group of months. 
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Prey Jize measured 
i n faeces 
n 3 . 
size 
(mm) 
J - • • i a 
CJhironomids (taken i n 
Nov-May by s m a l l larvae; d capsule l e n g t h 13 0.23 0.015 
3hironomids (taken i n 
June-Get by growing larvae) Head capsule length 125 C.29 0.010 
Chironomids (taken i n 
Nov-IIay by f i n a l i n s t a r s ) Head capsule length 99 0.38 0.017 
Ostracoda ( a l l faeces) T o t a l length 50 C.5C 0.021 
' iorus { a l l faeces} Maximum diameter 18 0.3": 0.008 
Hydracarina ( a l l faeces) Toted body length 15 0.48 0.003 
- 3le 28 Mean sizes of prey s ecies measured i n faeces. 
Prep type 
^ize of Pyrrhosom* 
prey 
listimated mean 
dry weight 
of prey (mg) 
Ilethod of 
estimating 
prey weight 
Chirc. i Is 
Shironomids 
CJhironofflids 
C stracoda 
Hydra carina 
Zi i: dorus 
Small larvae Nov-May 
Growing larvae June-Cct 
F i n a l i n s t a r s Nov-May 
A l l sizes of larvae 
A l l sizes of larvae 
AH sizes of larvae 
0.50 
C.65 
1.96 
0.014 
0.010 
0.002 
From sizes 
given i n 
t a b l e 28 
and weights 
o f s i m i l a r 
sized prey 
frem f i e l d 
:e halus 
Zopepoda 
. i l l sizes of larvae 
A H sizes of l .rv .e 
0.042 
C.045 
Random 
samples o f 
nt. "17 JpS. 
\ 
AH other arthropods 
A l l other -rthropods 
A l l sizes of l-.rv. e 
Small larvae Nov-May 
Growing larvae and 
f i n a l i n s t a r s June-Get; 
Nov-May 
0.010 
0.50 
0.75 
-jstim t e d 
weights on 
basis of 
approximate 
sizes 
T--ble -9 san dry weights (mg) of prey species taken by r^rrhescmr. 
ain food 
category 
of prey 
percenta 
in diet 
Ze by dry . 
. . . •' -
.eight 
• . 
Prey type 1 _:11 
larvae 
I ov-May 
Growing 
larvae 
June-Let 
F i n a l 
instars 
Nov-I-Jay 
1. 
Browsers 
3hironomids except 
Tan; podinae 
7 C 4 70.1 .7 
Hoeon 0 2.9 2.2 
cligochaeta 2.0 0 0 
Z] 3 'eras 0.2 0.2 0 
Ostracoda 0.1 1.5 1.5 
.lus 2.C 2.6 
Asellus : 1.5 1.0 
Total % Browsers i n 
each l i f e cycle division 74.7 72.C 60.3 
— • Chaoborus 0 2.6 1.5 
Carnivores Hydracarina : o.~ 0 
Dytiscidae 4.1 4.2 1.3 
Tanypodinae 4.6 4.5 12.6 
Zygoptera C 3.3 : . i 
Total ,w carnivores in 
l i f e c; cle division - —.: 15.5 
3rowsers or 
Carnivores 
Saratopogonidae 
Sopepoda 
o 
15.0 
0.7 
— • H-
0.3 
0 Q 
? T 1.2 
Miscellaneous; 
probably 
Browsers 
Unidentified arthropod 
prey and unclassified 
iin o r • re - s o c i e s 1.7 7 ? :.: 
- Z~ Percentage by dry weight of each main \ 33 \ 3 i n diet of 
pyrrhosoma for three l i f e cycle divisions:" air food of pre 
also included. ^ee text for details. 
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Table 28 shows the mean length measurements made on faecel p e l l e t 
Terrains and t a b l e 29 the estimated dry- ..eights of each prey type. Table 
30 shows the percentage c o n t r i b u t i o n on a dry eight basis of each prey 
type i n the d i e t of p.; rrjiosomg , not on a monthly basis but f o r the 
three l i f e c ycle d i v i s i o n s . 
The data i n t a b l e 30 '-/ere calculated from the numbers of each prey 
species consumed each month m u l t i p l i e d by t h e i r mean dry weights given 
i n table 29 and then the t o t a l s f o r each L i f e cycle d i v i s i o n calculated 
on a percentage basis. The actual procedure was s l i g h t l y more complex 
because the t o t a l nur.ber of prej items i d e n t i f i e s 7 d i f f e r e d from month t o 
month: some samples were p a r t i c u l a r l y large (e.g. A p r i l i n the f i n a l 
i ns t a r , t her. 342 prey items were i d e n t i f i e d ) . I n order t o avoid ndue 
bias from such large samples, the data were adjusted so t h a t t h e t o t a l 
number of prey items i d e n t i f i e d each month was constant f o r each l i f e 
cycle d i v i s i o n , 7or example, f o r growing larvae (June - October) the 
maximum number of prey items i d e n t i f i e d i n one month was i n October 
(231 prey items i d e n t i f i e d . ) The numbers of a l l prey captured i n the 
other months w i t h i n t h i s l i f e cycle d i v i s i o n were, ther e f o r e , m u l t i p l i e d 
bp the f o l l o w i n g f a c t o r s 
231/25 = 9.24 
231/123 = 1.88 
231/135 = 1.71 
231/171 = 1.35 
The corrected numbers were then converted t o dry weights and the percen-
Jone 
Aug. 
Sept. 
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tages f o r each l i f e cycle d i v i s i o n calculated. 
The numerical analysis (tables 26 and 27) suggests that ^imoce halus, 
Copepoda and Chironomidae were taken regular l y throughout development, 
though small larvae took more CJopepoda than l a r g e r larvae. Both 
Ohy lorus a i d v-li^ochaeta were taken almost e x c l u s i v e l y by small larvae. 
Ostracoda were s u r p r i s i n g the} ere not taken by small larvae, probably 
because t h e carapace was too smooth or hard t o be pierced, but despite 
t h e i r small size (see tables 28 and 29) the;, were the nost frequent ^rey 
item ca^t-ired by f i n a l i n s t a r s during the winter and many faecal p e l l e t s 
contains! nothing else. I t as i n t e r e s t i n g t o observe t h a t f i n a l i n s t a r s 
_icked them up by small movements of the l a b i a l palps and hardly extended 
the mask (labium) a t a l l . Emphasis on Ostracoda may have been due t o 
lack of other s u i t a b l e or available prey. 
None o f tne other prey species were taken r e g u l a r l y i n any numbers 
arid i n combination r a r e l y formed more than 10 - 15 percent of the prey 
items captured. - f these less important species, the u n i d e n t i f i e d 
arthropods f ormed the Largest group, v j h i l o t of the ty^es i d e n t i f i e d the 
most i o r t a n t ..•ere probably Tanypodinae and Cloeon dioterom. 
The data i n d i c a t e t h a t Pprrhosoma i s an o p p o r t u n i s t i c carnivore 
t a k i n g whatever i t was able to capture. However, w i t h i n t h i s wide 
range of species and types, most were taken only i n f r e q u e n t l y and the 
majority of prej items were Entomostraca and Ghironomidae, w i t h ^ntomo-
straca predominating. 
Table 30 c l e a r l y shows how the conclusions based on numerical 
estimates must be modified when the e f f e c t s of prey size are considered 
- 132 -
Chironomids c o n t r i b u t e about 7C percent of the dry weight (and t h e r e f o r e , 
of the c a l o r i e s ) eaten by Pyrrhosoma. w h i l s t the Sntcmosta 31 are a 
great deal less important than the numerical analysis suggests and, on a 
dry -./eight basis, form less than 10 percent of the d i e t . The Cstracoda 
p a r t i c u l a r l y i l l u s t r a t e t h i s point. I n f i n a l i n s t a r s i n winter they 
o f t e n formed over 50 percent of the prey items captured (see t a b l e 27) 
but because of t h e i r small size contributed only 1.5 percent to the d i e t 
i n terms o f d r . weights. V i r t u a l l y a l l other prey species become 
s i m i l a r l y s i g n i f i c a n t l y reduced i n proportion t o the chironomids, which 
./ere obviously the most important single energy source and more important 
than a l l t h e remaining prey species combined. 
The s i m i l a r i t y between the three l i f e cycle d i v i s i o n s i n the percen-
tage c o n t r i b u t i o n of each re; t;_e i s also i n t e r e t i n g . Despite the 
f a c t t h t smaller larvae captured smaller chironomids and t h a t the number 
and percentage of chironomids captured v a r i e d from month t o month, t h e i r 
f i n a l percentage c o n t r i b u t i o n by weight t o the d i e t was almost i d e n t i c a l 
(70.4, 70.1 and 74.7 percent) f o r small, growing and f i n a l i n s t a r larvae 
r e s p e c t i v e l y . The proportion by dry weight of the other prey types was 
also s i m i l a r : Cope .oda showed the greatest d i f f e r e n c e , ranging from 
15.C percent by weight i n small larvae t o 0.9 percent i n f i n a l i n s t a r s , 
though p a r t of t h i s d i f f e r e n c e may be due t o no allowance being made 
f o r the Copepoda captured by small larvae being smaller than these taken 
by large l a r v a e . I t may be concluded t h a t the proportion of energy 
derived ; . rrhosoma from each prey type appears to be s i m i l a r through-
out development. 
A few 3 pedes t h a t were common i n the pond were r a r e l y or never 
present i n t h e faeces and t h e i r absence requires explanation. 
Asellus was recorded i n September, November and December (see 
tables 26 and 27) but even then was only i n f r e q u e n t l y captured by 
?:~rr'-osoma. I t s absence i n spring and summer car: probably be a t t r i b u t e d 
t o a lack of s u i t a i e sized animals available f o r capture by small 
larvae. I n the study area Asellus had two reproductive periods 
( F i t s s a t r i c k 1968), one i n Maj nd J ne giving r i s e to a generation which 
grew r a p i d l y and re roduced again i n September and October. ^ ly a f t e r 
t h i s second autumn reproduction ^ere large r~ r n . ^ j : . I Asellus 
present i i the pond togethe • La few Asellus were - ptured. No 
explanation can be offered f o r t h e i r absence from f i n a l i n s t a r faeces i n 
winter. I n t h e laboratory, they were re a d i l y taken and a s s i m i l a t i o n , 
though r a t h e r low, appeared t o be normal with Asellus prey (chapter 9 ) . 
The faeces were also d i s t i n c t i v e and remains could not have been over-
Ic s.:ed. 
?i ty/j - t r j dz (1968) pointed cut t h a t Asellus was one of the most 
important component species of the small pond eco-systems at Bras side, 
both i n terms of biomass and t o t a l energy flow, and f u r t h e r argues t h a t 
i t ^robably formed a primary food source f o r most of the carnivore 
species. J Pyrrhoso -s a key carnivore species should new be 
shown to i j - o r e t h i s primary food source requires f u r t h e r i n v e s t i g a t i o n . 
Cloeon was also captured i n f r e q u e n t l y i n p roportion t o i t s abun-
dance: i n t h e laboratory i t was taken r e a d i l y but u s u a l l y managed t o 
avoid capture f o r long periods by rapid movement when attacked and by 
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periods of i n a c t i v i t y during which Pyrrhoso a i able to detect i t . 
both these f a c t o r s probably reduced the number captured i n the f i e l d . 
The number of other Zygoptera caught by Pyrrhosom& was extremely 
low, suggesting t h a t cannibalism was v i r t u a l l y non-existent. This may 
be p a r t i a l l y a t t r i b u t e d t o the s p a t i a l separation of the large arid 
11 Fyrrhosoma larvae i n the ,.ond (chapter 5 ; section 5.2a) and to 
the f a c t t h a t most ^ygoptera remain immobile f o r J-ong periods. 
. al i . - l u s sop (and other adult Coleoptera), ^i;;ara s^p I otone eta spj 
and Trichootera were never recorded i n the faeces: nor were they taken 
i n the l a b o r a t o r y . Adult Coleoptera could not be held i f attacked 
probably because of t h e i r heavy, c h i t i n i s e d exoskeietons. The protec-
t i v e cases i nd slow movements of Trichoptera -vere obviously adequate 
p r o t e c t i o n from attack. ^ i ^ a r a spp. and 1'otcneeta s_ . are raz-ely 
taken by a number of aquatic predators, though e a r l i e r suggestions t h a t 
^i;;:.ra were d i s t a s t e f u l ( F r i t c h a r d 1964) have been questioned by ^taddon 
j G r i f f i t h 3 (1967). Large size and r a ^ i d movements may be responsible 
f o r t h e i r apparent immunity from attack by Fyrrhosoma. 
Finally., i t should be mentioned t h a t many of the p e l l e t s analysed 
contained s u r p r i s i n g amounts of d e t r i t u s , u s u a l l y present as f i n e brown 
- S e r i a l , but p l a n t fragments were also recognised. Part was probably 
derived from t h e guts of prey organisms but i n the laboratory, F^rrhosom 
was frequently observed to pick up accidentia part of the substrate 
.-.hen s t r i k i n g at small prej species moving near to or on the bottom of 
aquaria, and d e t r i t u s was obviously consumed i n t h i s way i n the- f i e l d . 
I t probably passed through the gut unaltered, but ma;j have been p a r t l y 
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responsible f o r the low c a l o r i f i c value o f f i e l d faeces noted i n chapter 
3 ( t a b l e 5, sample 30). 
£.3 THE CCKTRIBUTICN OF BR .RS AIID CAHNIVOHE PLSY SPECIES TO THE 
The aain prey species probably a l l had c a l o r i f i c values s l i g h t l y 
g reater t h a n 5,00 c a l o r i e s per gram dry- weight (see chapter 3, t a b l e 5 
and Cummins 1967). The percentage c o n t r i b u t i o n of each prey type i n 
terms of d r y weight Mas therefore approximately equal t o i t s c o n t r i b u -
t i o n i n terms of energy i n the food eaten by Pyrrhosoma. 
The prey species were grouped i n t o categories according t o t h e i r 
own f e e d i n ^ h a b i t s . Table 30 shows these categories, which are based on 
i n f o r m a t i o n taken from the l i t e r a t u r e (see appendix 3) 1 supplemented by-
personal observation. 
Prey i n category 1. were termed browsers f o l l o w i n g Lindeman (1941) 
who stated "the d i s t i n c t i o n between plant browsers and ooze browsers 
loes not appear j u s t i f i e d : many species which are p r i m a r i l y herbivorous 
during the summer are saprophagous during w i n t e r . others appear to 
feed i n d i s c r i m i n a t e l y upon both l i v i n g and dead x..lant m a t e r i a l . " There-
f o r e , i n the present stady f o l l o w i n g Lindeman, browsers were defined as 
herbivorous or saprophagous animals feeding primarily on or near t o 
the substrate. ( T i l l y 1968 suggested t h a t the aquatic l e t r i t u s feeders 
i n cone spring resembled carnivores r a t h e r than herbivores i n t h e i r 
patterns of abundance. His proposals are l a r g e l y speculative, however, 
and w i t h o u t more evidence i t seems more l o g i c a l to inclu-le aquatic 
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herbivores and d e t r i t u s feeders together as "browsers".) 
Category 2. included the carnivores. 
Category 3. included those groups of prey t„pes which './ere 
e i t h e r carnivores o f browsers depending on the species or, a l t e r n a t i v e l y , 
omnivores. I n apportioning the energy consumed by Pyrrhosoma t o 
e i t h e r t h a t derived from browsers or t h a t derived from camivoreS|the 
prey placed i n category 3. were divided equally between these two groups. 
Category 4. included the small percentage of u n i d e n t i f i e d arthropods 
and i n f r e q u e n t l y captured prey species i n which the main food source was 
not determined w i t h c e r t a i n t y . The m a j o r i t y of category 4. --ere probably 
also browsers. 
Table 31 shows the t o t a l percentage c o n t r i b u t i o n by dry weight (and 
th e r e f o r e energy) of browsers and carnivores i n the d i e t of ryrrhosoma 
according to the assumptions made above and the data presented i n tab l e 30. 
I n general terms, i t i s probable t h a t 85 percent of the food energy 
i n Pyrrhosoma was derived from browsers and 15 percent from carnivores 
and t h a t t h i s proportion remained constant throughout most of development. 
8.4 DISOTSSIOI 
Faecal p e l l e t analysis i s subject t o a number of e r r o r s . - f these, 
f a i l u r e t o recognise and i d e n t i f y important prey items was not thought 
t o be s i g n i f i c a n t i n the present study (see section 8.2b). 
Fisheries b i o l o g i s t s have pointed out (e.g. Kess and ^ tain water 1939, 
Ger':-' t 1962) t h a t d i f f e r e n t prey species may pass through the gut at 
d i f f e r e n t r ates. Consequently, slowly moving prey tend t o be overestimated 
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L i f e cycle d iv i s ion 
Classj f i cation 
i n table 30 
larvae 
Nov-, .ay 
Growing 
larvae 
June-Oct 
r m a l 
i n stars 
Nov-May 
Category 1 . 74.7 78.8 80.3 
Category 1.7 7.3 3.0 
5Q. of category 3. 7,5 1.1 0.6 
Total percentage 
from browsers 
S3.9 £7.2 •"3.9 
Category 2. 8.7 11.8 15.5 
50,. of category 3. 7.5 1.1 C.6 
Total percentage 
from carnivores 16.2 1^.9 l o . 1 
31 3 roportic ••" - . -;. .t :.. :. i from hro r :rz a.:d 
carnivores i n three l i f e cycle d iv i s ion of Fyrrhosoma. 
compared wi th more rapid ly moving (usually more easily digested) prey 
types. I n Fyrrhosomat chironomids took twice as long to pass bhrou h 
the gut as Daphnia when both ..rere *^ed as single prey species i n the 
laboratory. .-owever, i t ..as s^o./n that under f i e l d conditions wi th 
a mixed d i e t , differences between rates of movement of prey through 
the gut were reduce- arid a l l prey moved at the rate of the slower dominant 
chironomids (gut clearance experiments, chapter 12). The f a c t that 
a f t e r co l l ec t ion larvae usually produced one large pe l l e t containing 
most i f not a 11 of the prey remains and not several pel le ts containing 
jnore rapid ly digested prey types f i r s t , supports t h i s conclusion. I t 
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was therefore concluded that errors due to d i f f e r e n t rates of passage 
through t he gat with d i f f e r e n t , .-^ tppes - ere i n s i g n i f i c a n t . 
Laboratory food preference aaq: riments with ins t^rs 2 arid 3 proved valuable 
because they provided information on the type and size of prey takes 
by s a l l Pyrrhosoma. This data was unobtainable by faecal pe l l e t anal-
y s i s . I n l a rge r larvae, food preference experiments were known to have 
l i t t l e value except to show that Odonata larvae v a i l generally take any 
available moving prey of sui t : size (Wright 1946, Pri tchard 1964). 
I t was therefore desirable to determine which of the range of po ten t ia l 
prey species ,/ere actually taken i n the f i e l d . Radiotracer techniques 
1 relied prey (sil-l i i et . g 1. 1955, Jaaes 1965, Cdum . j ler 
1963) i n the f i e l d of ser io logica l methods (Hai l e t . a l . 1953, Pern, ster 
I'.'cC} could have been eri^lcy d, but. _ut or faecal pe l le t analysis based 
on larvae col lec ted i n the f i e l d appeared to o f f e r the least complicated 
solu t ion . The l a t t e r was eventually chosen because i t d id not involve 
k i l l i n g th e larvae. 
In Ode , Corbet (1957?-) reported analysis of .'jiax faeces, whi l s t 
more detailed studies /ere those of Pritchard (1964) f o r some Canadian 
5 1 - ld( r d .Grif f i ths (1967) f o r Aeshna juncea ( L . ) . The 
present study was the f i r s t attempt to analyse zygopteran faeces though 
Chutter (1961) ma le a detai led study of prey captured by the jouth 
Af r i can zygopteran Pseuda&rion salisb.iryense (His . ) from analysis of 
foregut contents and | jaca - (1964) Jysed gut contents i n Pyrrhosoma 
md Z I S S S c;;ath.i.;;cru:f. (Charp.)- Fischer (1966; 1967b) studied food 
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selection i n Lestes sponsa (Hans.) by gut content l y s i s and calcu-
l a t ed the percentage contr ibution of each prey type i n terms of biomass 
(calories) as we l l as numerically. Fischer (1966 -and 1967b) i s the 
only one, apart from the present study, to have attempted t h i s . 
I la can (I964) found that the range of animals eaten by Fyrrhosoma 
was wide, but that chironomi^s and entomostraca were the main food of 
larvae of a l l sizes, a resul t confirmed by the present study. Further, 
, ' l rrhosoma appears to be typ ica l of most of the other dragonfly larvae 
studied where chironomids and entomostraca also formed the main prey. 
The importance of converting data to biomass i s emphasised by Fi tcher] s 
(1966, 1967b) ork on Leste ; where plankton formed the main food com-
ponent by number but v/hcre chironomid larvae were the most important 
I rcV type i n terrs of calories throughout l a r v a l L i f e , a s i tua t ion 
. t o tha t found f o r Fyrrhosoma i n pond B. 
Jhutter (1961) and Fri tchard (1964) showed that seasonal changes 
i n the numbers of each prey type captured were frequent ly closely 
correlated w i t h changes i n prey abundance. This was not examined i n 
d e t a i l i n t he present study, but was probably the expl-.nation f o r many 
of the observed monthly changes i n the numerical proportions of each 
prey type i n the faeces. Chutter and Fri tchard also reported that a 
number of apparently suita -le organisms were rarely or never ca.tared. 
The^e included adult ^ole ptera, Corixids, I otonecta and Sphemeroptera, 
much as i n the present study. owever, whereas Fy rrhosoma did not take 
Trichoptcra Fri tchard found that they were regular ly taken by Aeshna. 
This may possibly be explained by the size di f ference bet reen Pyrrhosoma 
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The v i r t u a l absence of cannibalism i n most Odonata larvae i s 
confirmed by nearly a l l studies e.g. La can (1964), Pri tchard (1964), 
lt:Ui-.-:-or (1961) and Corbet (1957a). Only Lestes (Fischer I96I) i s 
reported as cannibal i s t ic , P a r t i c u l a r l y young larvae at high density. 
I -ane ,(1965) employed detailed faecal pe l l e t analysis i n his 
energetics s tudy of the carnivorous marine opisthobranch I'iavanax jnermia 
(Cooper). Relationships bet.;.en length of prey remains i n the faeces 
and t o t a l c a l o r i f i c content of each prey type ^ere determined and used 
to estimate the calories o f each prey type consumed. ±z i-son (1966) 
u t i l i s e d faeces remains i n a s imilar way i n an ingenious study of predation 
• I nspeci ied mammalian carnivores on two mice Licrotus ca l i forn icus 
and Zieithodontomj s me~alotia. The works of Paine (1965), Pearson (1966), 
Fischer (1966) and that f o r Pyrrhosorna reported here are the only studies 
.here faecal p e l l e t analysis has been used t o provide information on the 
energy u t i l i s a t i o n by carnivore populations. .."here clearly recognisable 
remains a re present, as i n these four studies, the method appears to be 
highly sa t i s fac tory . 
s t a b i l i t y i n ecological units a-ove the population l eve l increases 
as the number of a l ternat ive energy f low pathways i t h i n the system 
inn; .3 CacArthur 1955,. A-though Ffrrrhosoma obtained most of i t s 
energy from chironomid populations, several species ./ere involved wi th in 
t h i s general category, whi l s t the wide range of other prey species taken 
f u r t h e r increased the number of potent ia l pathways through which energy 
could be obtained. 3uch a system i s potent ia l ly very stable. This 
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potent ia l s t a b i l i t y i s probably reflected i n the constant proportion 
of food derived by i-'yrrhosoma throughout development from browsers and 
carnivores, since each of these groups contained numerous species. 
This could have been due to a constant selection of certain prey types, 
f o r which t here i s some evidence i n Odonata (Fischer 1964, 1966). Most 
Ldonata ho. ever, appear to attack a l l available prey wi thin certain size 
~- - juaU^ nd show no evidence of selection (Fri tchard 1964, 1965, 
-t 1946 u i b-3 rc ort % ) . Prey captured by Fyrrhosoma was 
therefore a random sample of "available 1 species and the constant pro-
portion of browsers and carnivores i n the food probably re f l ec ted a 
stable r a t i o between these two main trophic divis ions i n the pond. 
There appeared to be no d i s t i nc t i on between a decern, oser and herbivore 
food chain i n pond B of the type suggested by Odum (1962). The lack 
of d i s t i n c t i o n between the two food chains -was probably due to the 
almost complete intermixing of l i v i n g and dead plant material i n the 
small ponds. 
ho.-cvsr, at least two energy u t i l i s i n g path.-.ays ..ere oresent i n pond 
.-sllus ; - u-'ticus was taken only exceptionally by Fyrrhosoma but 
key browser i n the small ponds (Fitzs-; t r i c k 1968). One known 
predator of Asellus was Tr i turus valus'-ris which appeared never to 
take I""rrhosoma (see Chapter 5 ) . T i l l : , (1968) d that the a ' / u t i c 
f resh rater community i n Cone Spring /as divided in to a number o f d i s -
crete energy u t i l i s i n g pathways (groups of _ rimary consumers and t h e i r 
pa r t i cu la r ^redators) with r e l a t i v e l y l i t t l e connection between groups. 
S imi la r ly . i e r c r t e t a l . (1967) demonstrated that a one year old f i e l d 
was divided i n t o two discrete, apparently unconnected food chains. 
Divis ion of communities in to r e l a t i ve ly unconnected energy u t i l i s i n g 
pathways could, therefore, be commoner than has h i ther to been suspected 
and may have important consequences f o r the study of t o t a l community 
energy f l ow and community s t a b i l i t y . 
